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PREFACE. 


This  Report  is  the  continuation  of  my  previous  Report  on  "  The  Comparative 
Histological  and  Bacteriological  Investigations."    (App.  to  2nd  Int.  Rep.  Vol.  IV.) 

Additional  details  are  here  given  of  the  changes  produced  by  bovine  and  by 
human  viruses  in  the  tissues  of  experimental  animals.  To  these  are  added 
descriptions  of  animal  tissues  infected  with  mammalian  tubercle  bacilli  isolated  from 
swine,  horses,  a  gnu,  and  an  antelope.  The  histology  of  various  species  of  animals 
experimentally  infected  with  avian  tubercle  bacilli  is  also  dealt  with. 

The  bacteriological  part  of  the  present  Report,  following  the  same  order, 
contains  descriptions  of  the  cultural  characters  of  the  various  examples  of  tubercle 
bacilli  which  have  been  investigated. 

A  comparison  is  made  of  the  various  mammalian  viruses  investigated,  and 
also  of  the  mammalian  as  contrasted  with  the  avian  viruses. 

Preceding  the  histological  and  bacteriological  details,  there  is  a  general  account 
of  the  results  of  my  work  on  the  comparative  histology  and  bacteriology  of 
tuberculosis. 

For  the  tissues  submitted  to  histological  examination  and  for  the  original 
cultures,  the  characters  of  which  were  subsequently  investigated  by  me,  I  am 
indebted  to  my  colleagues  Drs.  A,  S.  and  F.  Griffith. 

For  the  original  drawings  and  the  lithographic  reproductions  I  am  indebted  to 
the  skill  of  Mr.  J.  R.  Ford. 

Arthur  Eastwood, 

Royalcot  Laboratory, 
Stansted, 
Essex. 

December^  1909. 
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PART  1. 


RESULTS  OF  THE  INVESTIGATIONS. 


THE  HISTOLOGICAL   RESULTS  WITH   MAMMALIAN  VIRUSES. 


Additional  Observations  on  Lesions  produced  by  Bovine  Viruses. 

The  work  with  bovine  viruses  was  ahnost  completed  when  niy  last  Report 
was  written.  Since  then  no  new  bovine  viruses  have  been  received  for  the 
purpose  of  comparative  investigation  ;  but  my  colleagues,  Drs.  A.  S.  and  F. 
Griffith,  have  made  some  additional  experiments  with  the  viruses  already  in  hand, 
and  these  have  aflforded  me  material  for  further  histological  observations. 

(1)   In  Bovines. 

In  my  last  Report  I  showed  that  when  subcutaneously  inoculated  into 
young  calves  in  a  dose  of  50  mg.  of  culture,  the  viruses  of  bovine  origin  produced 
lesions  which  were  histologically  typical  of  highly  acute  tuberculosis.  Since  then 
I  have  had  the  opportunity  of  examining  the  tissues  of  calves  which  had  received 
a  similar  dose  after  treatment,  some  time  previously,  with  other  inoculations  of 
living  tubercle  bacilli.  My  observations  on  the  tissues  of  these  animals,  with 
reference  to  the  histological  evidence  of  susceptibility  or  resistance,  may  1)e 
summarised  as  follows  : — 

(1)  The  subcutaneous  inoculation,  51  days  previously,  of  "001  mg.  fo 
B  XXVI  greatly  reduced  the  susceptibility  of  the  tissues  of  two  calves,  each  five 
weeks  pld,  to  a  dose  of  50  mg.  of  the  same  virus. 

(2)  An  equally  marked  reduction  in  susceptibility  to  B  XXVI  in  like  dose 
was  produced  in  two  calves,  one  five  and  the  other  eight  weeks  old,  ])y  the  previous 
inoculation  subcutaneously  of  50  mg.  of  a  human  virus  possessing  low  virulence 
for  the  bovine. 

(o)  When  the  same  slightly  virulent  human  virus  was  introduced  intravenously, 
in  a  dose  of  10  mg.,  into  two  calves,  each  six  weeks  old,  the  results  as  shown  liy 
histological  examination  were  unequal.  One  animal  ])roved  highly  resistant  to  the 
subsequent  test  inoculation  with  virulent  bovine  bacilli  ;  the  other  succumbed  to 
fatal  infection. 

(4)  Previous  treatment  with  two  doses  of  slightly  virulent  human  viruses  (50 
mg.  subcutaneously  followed  by  50  mg.  intravenously)  rendered  the  tissues  of  two 
calves,  eight  and  twelve  weeks  old,  much  less  susceptible  to  subcutaneous  inoculation 
mth  50  mg.  of  B  XXVI  ;  but  the  increased  resistance  was  not  more  marked  than  in 
the  case  of  two  younger  calves  (five  and  eight  weeks  old),  which  received  only 
one  dose  of  slightly  virulent  bacilli  (50  mg.  subcutaneously). 

(5)  Previous  treatment  with  10  mg.  of  slightly  virulent  human  bacilli 
(intravenously),  followed  by  a  second  vaccination  with  1  mg.  of  B  XXVI 
(subcutaneously),  increased  the  resistance  of  two  calves  (nine  and  eleven  weeks 
old)  to  50  mg.  of  B  XXVI  subcutaneously  inoculated  ;  but  the  increased  resistance 
was  not  more  marked  than  in  the  case  of  two  younger  calves  (each  five  weeks  old ) 
which  received  only  one  vaccination  ("001  mg.  of  B  XXVI  subcutaneously). 

(6)  Previous  treatment  with  two  protective  subcutaneous  doses  (10  mg. 
followed  by  50  mg.)  of  slightly  virulent  human  bacilli  produced  unequal  results  in 
two  calves,  each  aged  thirteen  weeks.  One  showed  very  high  resistance  ;  the  other 
was  fatally  infected. 

The  above  histological  results,  though  far  from  uniform,  may,  it  appears  to 
me,  at  least  afford  ground  for  presumption  that  previous  inoculation,  either  with  a 
minute  dose  of  highly  virulent  bacilli  or  with  a  relatively  large  dose  of  less  virulent 
bacilli,  tends  to  increase  the  animal's  powers  of  resistance.  The  increase  of  age 
in  the  period  between  the  first  protective  inoculation  and  inoculation   with  the 
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test  dose  must  also  be  taken  into  account,  since  with  older  animals,  which  have  not 
been  thus  vaccinated,  it  is  not  certain,  as  is  apparent  from  the  tissues  which  I  have 
investigated,  that  50  mg.  of  bovine  bacilli  will  produce  rapidly  fatal  disease.  A 
dose  of  50  mg.  of  B  XXVI,  inoculated  subcutaneously  into  two  such  normal  calves, 
produced  unequal  results,  the  infection  being  mild  in  one  animal  (seventeen  weeks 
old)  and  rapidly  fatal  in  the  other  (nineteen  weeks  old) ;  these  experimental  results 
were  confirmed  by  my  histological  investigations. 

(2)  In  Other  Mammals. 

The  rabbit,  as  I  have  already  shown  by  histological  examination,  is  highly 
susceptible  to  the  bovine  bacillus,  but  it  appears  that  after  subcutaneous 
inoculation  of  this  animal  disseminated  lesions  are  relatively  slow  in  making 
their  appearance.  In  rabbits  which  have  received  a  subcutaneous  dose  of 
50  mg.  of  bovine  bacilli  I  have  found  fewer  disseminated  tubercles  during  the  first 
fortnight  than  in  calves,  after  the  same  dose,  or  in  swine,  after  a  dose  of  20  mg. 

Even  when  previously  killed  by  heating,  bovine  bacilli  exert  an  irritant  and 
toxic  effect  upon  the  tissues  of  the  rabbit,  and  large  deijosits  of  such  bacilli  produce 
typical  tubercles  of  a  chronic  type. 

it  has  already  been  established  that  anthropoids  and  monkeys  are  highly 
susceptible  to  the  bovine  bacillus,  whether  administered  by  feeding  or  by  inoculation. 
Additional  examples  of  the  effects  of  a  very  minute  dose  of  bovine  bacilli  sub- 
cutaneously inoculated  are  provided  by  Baboon  76  and  Chimpanzee  24.  In  both 
cases  there  was  general  dissemination  of  the  injected  bacilli,  and  in  both  animals 
the  lungs  were  more  extensively  affected  than  other  organs.  The  chimpanzee 
showed  histological  lesions  of  a  more  acute  type  than  those  of  the  the  baboon  ;  this 
is  in  accordance  with  my  previous  results,  which  show  that  the  chimpanzee  is  of 
even  greater  susceptibility  than  the  baboon. 

In  Pig  138  the  subcutaneous  inoculation  of  1  mg.  of  bovine  bacilli  produced 
disseminated  lesions  which,  I  found,  had  become  definitely  retrogressive  at  the  end  of 
three  months  and  which  contained  no  demonstrable  bacilli  in  the  specimens  I  examined. 
This  example,  like  others  previously  recorded,  illustrates  the  early  dissemination  of 
tubercle  bacilli  in  the  pig  associated  with  the  development  of  the  lesions  thus  formed 
into  tubercles  of  a  chronic  and  retrogressive  type. 

Pig  216  exhibited  disseminated  tuberculosis  of  a  chronic  type  after  ingesting 
faecal  material  obtained  from  a  cow  suffering  from  spontaneous  tuberculosis. 

Ponies  6  and  12  appear  to  have  exhibited  complete  resistance  to  the  subcutaneous 
inoculation  of  50  mg.  of  bovine  bacilli.  But  in  Pony  30  the  intravenous  inoculation 
of  10  mg.  produced  histological  evidence  of  fatal  tuberculous  infection  of  the  lungs. 

(o)    La  Fowls  and  Parrots. 

The  fowl,  judging  from  the  specimens  I  have  examined,  does  not  appear  to  be 
susceptible  to  the  bovine  bacillus  except  by  the  intravenous  method  of  experiment. 
Intravenous  inoculation  has  sometimes  produced  in  the  lungs  of  fowls  caseous 
tubercles  of  a  chronic  type.  In  these  lesions  I  have  found  that  the  bacilli  may 
survive  for  a  long  period  (e.g.,  100  days)  and  may  show  some  evidence  of  multipli- 
cation. In  the  other  organs  of  the  fowl  bovine  bacilli  thus  introduced  do  not  seem 
capable  of  lengthy  survival.  It  is  noteworthy  that  in  Fowl  492,  intravenously 
inocul^ed  with  dead  bacilli,  there  is  as  much  tissue  change  as  is  usually  found 
in  fowls  inoculated  with  an  equal  amount  of  living  mammalian  bacilli. 

Parrots  are  more  susceptible  than  fowls  to  the  bovine  bacillus,  extensive 
disease  being  produced  in  them  by  intramuscular  inoculation  and  by  feeding,  as 
well  as  by  intravenous  inoculation.  The  bacilli  often  multiply  freely,  particularly  in 
their  lungs,  which,  as  in  fowls,  appear  to  be  the  most  susceptible  tissue. 

Additional  Observations  on  Lesions  produced  by  Human  Viruses. 

Since  the  publication  of  my  last  Report  the  work  on  human  viruses  has  been  in 
progress  continuously  and  has  provided  me  with  a  large  amount  of  additional  material 
for  histological  investigation.  This  material  has  been  supplied  to  me  by  my 
colleague  Dr.  A.  S.  Griffith. 
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(1)    In  Bovines. 

In  a  large  number  of  calves  fatal  disease  has  been  produced  by  the  suljcutaneous 
inoculation  of  culture  of  bacilli  derived  from  human  sources,  the  dose  being  generally 
50  mg.  In  histological  details  the  lesions  produced  in  these  fatally  infected  animals, 
more  especially  in  their  lungs,  are  very  much  alike  and  are  typical  of  highly  acute 
infection.  In  some  instances  evidence  of  less  severe  infection  thau  that  of  the 
lungs  has  been  noted  in  one  or  other  organ  ;  but  these  exceptions  are  relatively 
slight,  and  in  all  the  calves  in  question  the  histological  evidence  is  sufficient  to 
show  that  the  bacilli  inoculated  had  produced  ftital  disease.  The  tissues  examined 
were  from  experiments  which  terminated  at  periods  varying  from  19  to  73  days 
after  inoculation  and  include  Calves  1567,  1579,  and  1585,  which  were  inoculated 
with  the  sputum  viruses  H  127.  R.R.  and  H  128.  D.D. 

Examinations  have  also  been  made  of  numerous  calves  in  which  less  severe  disease 
was  produced  by  subcutaneous  inoculation  of  bacilli  deri\Td  from  human  sources.  As 
I  pointe<:l  out  in  my  last  Report,  when  a  large  dose,  such  as  50  mg.  of  cultui-e  of  such 
virus,  is  inoculated  snbcutaneously,  the  main  issue  of  the  experiment  is  decided  in  the 
subcutaneous  tissue  at  the  site  of  inoculation.  This  tissue  is  commonly  incapable 
of  offering  a  successful  resistance  to  a  large  dose  of  highly  virulent  bacilli,  and 
hcKce  their  introduction  is  generally  followed  by  rapidly  fatal  dissemination.  But 
when  a  like  dose  of  less  virulent  bacilli  is  introduced,  the  local  tissue  reaction  is 
nearly  always  sufficiently  effective  to  prevent  the  dissemination  of  the  greater 
part  of  the  inoculated  material.  The  bulk  of  the  bacilli  become  surrounded  at  the 
site  of  inoculation  by  a  dense,  leathery  zone  of  fibrous  tissue  which  completely 
excludes  most  of  them  from  access  to  the  rest  of  the  body.  Hence  the  results  of 
subcutaneous  inoculations  tend  to  fall  into  one  of  two  widely  distinct  classes, 
characterised  by  acute  dissemination  in  the  one  case  and,  in  the  other,  by  the 
limitation  of  disseminated  disease,  when  such  is  present,  to  isolated  tubercles  usually 
of  retrogressive  type.  Many  of  the  calves  dealt  with  in  the  present  Report  come 
under  this  latter  class.  In  some  cases  these  isolated  tubercles  are  few  in  number, 
small  in  size,  and  very  definitely  retrogressive.  In  other  instances  they  are 
numerous  and  form  fairly  large  caseous  foci  which,  though  appareiitly  cpiiescent, 
are  less  definitely  in  a  retrogressive  stage.  And  in  a  few  examples  the  disease  is  still 
more  extensive  and  may  be  described  as  intermediate  in  severity  Ijetween  the  acute 
and  the  chronic.  Calf  1237,  inoculated  with  a  tissue  emulsion  containing  bacilli 
belonging  to  the  virus  H  13.  A.D.,  and  Calf  1213,  inoculated  with  50  mg.  of  the  virus 
H  49.  T.C.,  atford  examples  of  this  intermediate  condiuiono 

Attention  may  be  called  to  the  anomalies  of  the  results  obtained  with 
certain  viruses. 

FI  49.  T.C. — ^ Two  calves  (1213  and  1501)  were  inoculated  each  v/ith  50  mg. 
of  culture  (derived  from  original  material)  ;  in  the  tissues  of  the  latter  the  disease 
was  definitely  acute  ;  in  the  former  it  was  less  acute  and  may  be  described  as  being 
of  intermediate  severity.  A  tissue  emulsion  from  Calf  1213  produced  only  a  mild 
type  of  disease  in  Calf  1263  ;  but  50  mg.  of  culture  from  this  Calf  1263  produced 
acute  disease  in  Calf  1347.  The  dose  of  bacilli  contained  in  a  tissue  emulsion  is  nuich 
less  than  in  50  mg.  of  culture,  and  it  is  known  that  tissue  emulsions  containing 
highly  virulent  bacilli  do  not  necessarily  produce  severe  disease  in  calves  ;  the  mildness 
of  the  infection  in  Calf  1 263  has  therefore  no  special  significance.  Omitting  this  case, 
the  amount  of  discrepancy  in  my  other  results  is  only  slight,  and  may  be  summed  up 
by  saying  that,  in  so  far  as  my  histological  observations  extend,  the  virulence 
of  H  49.  T.C.  is  high,  but  less  uniformly  high  than  that  of  a  ty])ical  bovine  virus. 

H  53.  D.H. — Material  from  the  patient  yielding  this  virus  was  obtained  on  two 
separate  occasions.  The  material  first  obtained  (a)  yielded  bacilli  possessing 
relatively  low  virulence  for  the  bovine  (Calves  1135,  1435,  and  1477).  The  second 
material  (b),  obtained  three  years  and  eight  m<jnths  later,  proved  to  he  of  high 
bovine  virulence  in  two  instances  which  I  examined  (Calves  1507  and  1545),  and  of 
low  bovine  virulence  in  another  (Calf  1535). 

H  60.  W.B. — The  bacilli  from  the  bronchial  gland  of  the  human  subject 
yielding  this  virus  produced,  in  the  bovine,  lesions  showing  high  virulence  (Calves 
1099,  1107,  and  1109)  ;  but  bacilli  obtained  at  the  same  time  from  other  tissues  of 
the  same  case  (meninges  and  lungs)  were  of  low  virulence  for  the  bovine  animal. 

H  69.  F.K. — Bacilli  derived  from  the  human  meninges  of  this  case  produced 
acute  disease  (Calf  1267)  ;  but  the  bacilli  obtained  at  the  same  time  from  the 
mesenteric  gland  produced  only  mild  infection  (Calf  1249). 
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H  89.  W.l. — This  viras  produced  severe  disease  in  one  animal  (Calf  1351)  and 
mild  disease  in  another  (Calf  1275). 

H  90.  I. P. — Two  calves  (1383  and  1471)  inoculated  with  bacilli  obtained 
by  culture  from  a  retro-peritoneal  gland  of  the  human  subject  showed  only  slight 
disease,  but  a  culture  from  the  former  calf  produced  severe  disease  in  Calf  1489, 
and  a  culture  from  Calf  1471  produced  severe  disease  in  Calf  1493. 

H  100.  R.S.* — In  Calves  1409  and  1419  lesions  of  a  chronic  type  were  pro- 
duced by  cultures  from  the  original  material  ;  but  in  Calf  ]  523  culture  from  the  same 
source  produced  acute  infection.  A  culture  from  Calf  1409  produced  acute  infection 
in  Calf  1543  ;  and  a  culture  from  Calf  1419  produced  the  same  result  in  Calf  1517. 

H.  105.  G.S.* — Cultures  from  original  material  produced  lesions  of  a  chronic 
type  in  Calves  1405  and  1449  ;  but  a  culture  from  Calf  1405  produced  acute 
infection  in  Calf  1527,  and  a  culture  from  Calf  1449  produced  the  same  result  in 
Calf  1521. 

H 107.  — Cultures  from  original  material  produced  mild  infection  in 

Calves  1453  and  1497.  A  culture  from  Calf  1497  produced  disseminated  lesions  of 
chronic  type  in  Calf  1549.  A  culture  from  Calf  1453  produced  only  slight  infection 
in  Calves  1505  and  1513  but  typically  acute  disease  in  Calf  1519. 

H  108.  H.E.^^  —Cultures  from  original  material  produced  only  slight  infection 
in  Calves  1417  and  1421.  But  a  culture  from  Calf  1417  produced  typically  acute 
infection  in  Calf  1539,  and  a  culture  from  Calf  1539  produced  a  similar  result  ia 
Calf  1509. 

(2)  In  Monkeys. 

Usually,  but  not  invariably,  histological  examination  has  shown  that  the  rhesus 
monkey  is  highly  susceptible,  even  to  the  less  virulent  varieties  of  human  tubercle 
bacilli.  The  following  are  examples  of  results,  obtained  with  human  bacilli  exhibiting 
lower  virulence  than  bovine  bacilli,  which  present  some  deviation  from  this  general 
rule. 

Fl  8.  S.C. — The  three  monkeys  inoculated  with  '01,  *!,  and  1  mg.  of  this  virus 
showed  a  relatively  mild  type  of  disease. 

H  53.  D.H.  (a). — Three  out  of  five  animals  inoculated  with  from  "1  to  10  mg. 
of  this  virus  showed  remarkably  little  disease  ;  in  the  two  others  there  was  more 
tissue  damage  but  the  infection  was  not  particularly  acute,  the  doses  in  these  last 
cases  being  10  mg.  and  '1  mg. 

H  60.  W.B.  {Mesenteric  Gland). — Feeding  with  1  mg.  of  culture  produced 
relatively  mild  disease  in  Monkey  81  but  acute  disease  in  Monkey  83. 

H  85.  H.B. — Disseminated  disease  of  a  mild  type  was  produced  in  Monkey 
125  after  feeding  with  1  mg.  of  culture.  In  Monkey  119  severe  disseminated 
tuberculosis  was  caused  by  the  subcutaneous  inoculation  of  '01  mg.  In  Monkeys 
121,  123,  and  153  subcutaneous  inoculation  was  followed  by  less  severe  disease, 
the  doses  being,  respectively,  "1  mg.,  1  mg.,  and  10  mg. 

11  91.  U.S. — In  Monkey  133  only  slight  dissemination  was  produced  by  the 
subcutaneous  inoculation  of  "1  mg. 

H  100.  U.S.  {Original  material). — In  Monkey  163,  after  subcutaneous 
inoculation  with  1  mg.  of  culture,  the  disease  was  not  particularly  acute.  Ihere 
were  abundant  caseous  foci  in  the  lungs  and  spleen,  but  bacilli  were  very  scanty. 

R  102.  N.H. — In  Monkey  213  the  subcutaneous  dose  of  1  mg.  produced 
disseminated  tuberculosis  of  a  chronic  type. 

//  109.  M.W.—A.  subcutaneous  dose  of  '1  mg.  produced  relatively  slight 
disease  in  Monkey  185  ;  but  in  Monkey  197  the  larger  subcutaneous  dose  of  1  mg. 
produced  acute  infection, 

H  114.  A.U. — In  Monkey  223  a  dose  of  1  mg.,  subcutaneously,  produced 
disseminated  and  moderately  acute  tuberculosis.  In  Monkey  225  a  like  dose 
produced  less  severe  disease. 

As  the  above  mentioned  viruses,  with  the  exceptions  of  H  8.  S.C.  and 
H  60.  W.B.,  were  derived  from  human  lupus,  it  appears  to  me  possible  that  residence 
in  the  human  skin  may  have  caused  some  attenuation  of  the -bacilli. 


*  These  tests  were  all  made  by  subcutaneous  inoculation.  In  all  cases  where  acute  disease 
was  produced  the  do?e  was  50  mg.  ;  in  the  other  cases  the  dose  varied  from  50  mg.  to  100  mg., 
with  the  exception  of  Calf  1449,  where  the  dose  was  48  mg. 
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(3)  In  other  Mammals. 

Additional  histological  examinations  have  been  made  of  rabbits  inoculated  with 
human  viruses  which,  while  diifering  among  themselves  in  degree  of  virulence,  have 
all,  except  one,  failed  to  exhibit  the  uniformly  high  virulence  characteristic  of  the 
typical  bovine  virus.  The  results  again  show  that  the  processes  of  tubercle  formation 
are  of  the  same  essential  nature  but  differ  merely  in  respect  of  severity.  Thus, 
H  77.  R.L.,  which  is  equal  in  virulence  to  a  bovine  virus,  in  an  intravenous  dose  of 
•1  mg.  of  culture  produced  death  in  23  days  with  typically  acute  disease  and 
abundant  multiplication  of  bacilli.  With  the  same  intravenous  dose,  H  49.  T.C. 
and  H  85.  H.B.  produced  death  in  31  and  48  days,  respectively  ;  the  infections  may 
be  described  as  acute,  but  there  was  rather  less  tissue  destruction  and  rather  less 
abundant  multiplication  of  bacilli  than  in  very  acute  cases.  With  the  larger 
intravenous  dose  of  1  mg.,  H  78.  O.D.  produced  death  in  18  days  in  one  rabbit  and 
death  in  28  days  in  another  :  there  was  extensive  disease,  particularly  in  the  lungs  of 
the  two  animals.^  but  the  multiplication  of  bacilli  was  distinctly  less  than  with  more 
virulent  viruses.  In  Habbit  1205,  after  a  like  intravenous  dose  of  H  75.  A.H., 
the  duration  of  life  was  much  longer  ;  the  animal  was  killed  101  days  after 
inoculation  and  then  showed  extensive  disease  of  the  lungs  of  a  slo-^vly  progressive 
type.  A  series  of  rabbits,  inoculated  intravenously,  each  with  1  mg.  of  H  90.  LP., 
and  killed  at  periods  varying  from  24  hours  to  14  days  after  inoculation,  also 
illustrates  a  much  milder  type  of  infection  than  that  found  in  two  corresponding 
series  of  rabbits  inoculated  with  highly  virulent  bacilli.  In  a  series  of  rabbits 
inoculated  subcutaneously,  each  with  50  mg.  of  the  last-mentioned  virus  (H  90. 
LP.),  and  killed  at  periods  ranging  from  24  hours  to  14  days  after  inoculation, 
no  microscopic  evidence  of  disseminated  lesions  has  been  found.  In  this  con- 
nection it  may  be  recalled  that  in  a  similar  series  inoculated  with  bovine  bacilli 
the  evidence  of  dissemination  was  only  slight. 

My  histological  observations  on  various  swine,  fed  or  subcutaneously  inoculated 
with  human  bacilli  possessing  relatively  low  virulence  for  the  Ijovine,  show  that  no 
more  than  a  mild  and  retrogressive  type  of  disease  is  generally  produced.  P)ut  more 
severe  disease  has  been  caused  in  Pig  121  by  the  subcutaneous  inoculation  of  50  mg. 
of  culture  of  H  53.  D.H.  The  feeding  experiments,  as  well  as  the  subcutaneous 
inoculations,  have,  I  find,  often  produced  tubercles  in  the  lungs. 

In  guinea-pigs  inoculated  intraperitoneal ly  or  sul)cutaneously  with  various 
human  viruses  possessing  low  virulence  for  the  bovine  there  is  evidence,  in  every 
case  examined,  of  generalised  and  fatal  tuberculosis.  But  in  a  guinea-pig  which  died 
23  days  after  intraperitoneal  inoculation  of  100  mg.  of  dead  bacilli  practically  no 
evidence  of  dissemination  was  found  by  me. 

In  the  tissues  of  three  dogs  inoculated  with  human  viruses  of  relatively  low 
virulence  for  the  bovine,  two  intraperitoneally  and  the  third  intravenously,  the 
infection  produced  was  quite  as  severe,  histologically,  as  that  caused  in  dogs  by  bovine 
viruses.  There  was  general  dissemination  and  abundant  multiplication  of  bacilli, 
but  an  absence  of  tubercle  formation. 

In  a  horse  a  50  mg.  dose,  subcutaneously,  of  a  human  virus  of  relatively  low 
virulence  for  the  bovine  or  ra]:)bit,  fliiled  to  produced  evidence  of  infection  in  any  of 
the  tissues  examined.  A  similar  result  was  obtained  with  a  pony  inoculated 
subcutaneously  with  50  mg.  of  a  bovine  virus.  Horse  11,  inoculated  intravenously 
with  10  mg.  of  culture  of  H  85.  H.l>.,  died  in  51  days,  with  general  dissemination 
and  abundant  multiplication  of  bacilli  but  little  tissue  destruction.  Horse  7, 
inoculated  intravenously  with  a  like  dose  of  H  92.  D.N.,  showed  very  high  resistance 
to  infection. 

Amongst  the  additional  specimens  of  goats  examined  it  maybe  noted  that  Goat  69, 
inoculated  subcutaneously  with  10  mg.  of  a  human  virus  of  relatively  low  virulence, 
exhibited  extensive  chronic  tuberculosis  of  the  mammary  gland,  and  that  Goat  81, 
inoculated  intravenously  with  2  mg.  of  a  human  virus  also  of  relatively  low  virulence, 
showed  generalised  dissemination  of  bacilli  without  typical  tubercle  formation. 


(4)  In  Foivis  and  Parrots. 

In  the  specimens  examined  it  has  been  found  that  human  bacilli  possessing 

relatively  low  virulence  for  the  bovine  thrive  less  readily  and  produce  less  tissue 
damage  in  these  animals  than  bovine  bacilli. 

27676  2—2 
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Lesions  produced  by  Mammalian  Tubercle  Bacilli  isolated  from  Swine. 

(1)  In  Bovines. 

With  one  exception,  the  seven  porcine  viruses  that  I  examined  of  those  which 
had  been  tested  upon  calves  have  proved  almost  identical,  in  their  histological  elfects, 
with  viruses  of  bovine  origin  ;  but  perhaps  P  XIV,  though  of  bovine  type,  is  slightly 
below  the  average  in  respect  of  virulence. 

Of  the  definite  exceptions,  the  virus  P  IV,  in  subcutaneous  doses  of  50  mg., 
produced  lesions  histologically  characteristic  of  slowly  progressive  tuberculosis  in 
Calf  312,  but  no  microscopic  evidence  of  dissemination  was  afforded  in  the  other 
calves  similarly  tested,  with  the  exception  of  one,  which  showed  small,  retrogressive 
tubercles  ;  it  was  not  in  good  health  at  the  time  of  inoculation  and  died  of 
intercurrent  disease.  The  other  two  slightly  virulent  viruses,  P  XLI  and  P.  XL VI, 
I  am  informed  by  Dr.  F.  Griffith,  failed  to  produce  disseminated  lesions  in  calves 
beyond  the  glands  nearest  the  site  of  inoculation. 

(2)  In  other  Animals. 

The  experiments  on  rabbits,  swine,  guinea-pigs,  and  other  animals  reveal  no  new 
features  of  histological  interest  in  the  specimens  which  I  have  examined. 

Lesions  produced  by  Equine  Tubercle  Bacilli. 

(1)  In  Horses. 

On  intravenous  inoculation  in  doses  of  10  mg.  the  viruses  E  I,  E  II,  and 
E  IV  have  produced  only  slight  tissue  changes,  and  have  not  led  to  the  formation 
of  tubercles.  In  most  of  the  organs  examined,  bacilli  were  present,  but  they  did 
not,  as  a  rule,  show  signs  of  multiplication.  Subcutaneous  inoculation,  in  a  dose 
of  50  mg.,  produced  only  slight  disease  in  Pony  20,  inoculated  with  E  II,  but 
E  IV  in  similar  dose  caused  general  dissemination,  with  lesions  intermediate  between 
the  acute  and  chronic  types,  in  Pony  22. 

(2)  In  Bovines. 

E  I. — The  lesions  produced  in  the  bovine  animal  by  subcutaneous  inoculation 
with  this  virus  are  typical  of  highly  acute  infection  and  are  identical  in  every 
respect  with  the  effects  produced  by  highly  virulent  viruses  obtained  from  bovines, 
human  beings,  and  swine. 

E  II. — I  have  examined  the  tissues  of  eleven  calves  subcutaneously  inoculated 
with  culture.    The  results  are  irregular,  and  may  be  summarised  as  follows  : — ■ 

(a)  Cultures  derived  from  Original  Material. — Calf  406  received  a  dose  of 
10  mg.  ;  the  lesions  in  the  lungs,  though  not  acute  in  type,  contained  numerous 
bacilli  and  cannot  be  regarded  as  retrogressive.  But  in  the  companion  animal, 
Calf  404,  which  received  a  like  dose,  only  very  slight  evidence  of  disease  was  found. 
And  in  Calf  506,  which  received  a  dose  of  50  mg.,  there  was  only  slight  evidence 
of  dissemination. 

(b)  Cultures  from  Calves  inoculated  as  above  from  Original  Material. — 
(1)  50  mg.  of  culture  from  Calf  406  were  inoculated  into  Calf  596  "and  produced 
slowly  progressive  tuberculosis  of  the  lungs,  but  very  little  evidence  of  disease  in 
the  other  organs  examined.  (2)  Doses  of  50  mg.  of  culture  from  Calf  504 
(in  which  50  mg.  of  culture  from  original  material  produced  only  slight  disease) 
were  inoculated  into  Calves  578,  580,  and  626.  In  Calf  578  mild,  retrogressive 
infection  was  produced.  In  Calf  580,  which  died  in  29  days,  the  lesions  v/ere 
typical  of  highly  acute  infection.  Calf  626  died  in  54  days  with  progressive, 
disseminated  tuberculosis,  the  lungs  being  typical  of  acute  infection.  (8)  Doses 
of  50  mg.  of  culture  from  Calf  506  were  inoculated  into  Calves  592,  594,  and 
628.  In  Calf  592  there  was  only  slight  evidence  of  dissemination.  Calf  594  died 
in  16  days  and  showed  general  dissemination,  the  lesions  in  the  lungs  being  acute 
in  type.  Calf  628,  killed  90  days  after  inoculation,  exhibited  moderately  severe 
infection  of  the  lungs  and  spleen. 

(c)  A  culture  obtained  after  two  jjassages  in  Calves. — A.  dose  of  50  mg.  of 
culture  from  Calf  596  (inoculated  from  culture  of  Calf  406)  was  inoculated  into 
Calf  638.  The  animal  was  killed  40  days  afterwards  and  showed  general  dissemina- 
tion, the  lesions  in  the  lungs  being  typical  of  acute  infection. 
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E  III. — Calves  440  and  508  showed  typically  acute  infection  of  the  lunos  after 
subcutaneous  inoculation  with  50  mg.  of  culture. 

E  IV.— 1  have  examined  the  tissues  of  nine  calves  subcutaneously  inoculated 
with  culture  from  this  source.  The  results  are  irregular,  and  may  be  summarised 
as  follows  : — 

(a)  Cultures  derived  from  Orifi'tnal  Material. — In  Calf  410,  inoculated  with 
10  mg.,  there  was  only  very  slight  evidence  of  dissemination.  In  Calf  502,  inoculated 
with  50  mg.,  no  evidence  of  tuberculosis  was  found  in  the  specimens  examined.  In 
Calf  620,  also  inoculated  with  50  mg.,  a  few  small  lesions  in  the  spleen  were  the  only 
evidence  of  disease  found.  But  in  Calf  498,  whicli  died  89  days  after  the  subcu- 
taneous inoculation  of  50  mg.,  there  was  acute  infection  of  the  lungs,  with  very 
large  numbers  of  bacilli,  suggestive  of  intravenous  inoculation,  but  very  little 
dissemination  elsewhere. 

(b)  Cultures  from  Cedues  inoculated  as  above  from  Original  Material. — ( 1)  50  mg. 
of  culture  from  Calf  408  produced  in  Calf  582  disseminated  tubercles  which  appeared 
to  be  progressive  in  the  spleen,  but  retrogressive  in  the  other  tissues  examined. 
(2)  50  mg.  of  culture  from  Calf  498  failed  to  produce  any  evidence  of  dissemination 
in  the  tissues  examined  of  Calf  58fi.  (o)  Doses  of  50  mg.  of  culture  from  Calf  520 
were  inoculated  into  Calves  602.  614,  and  630.  In  the  first  animal  disseminated 
tuberculosis  of  a  chronic,  but  probably  slowly  progressive  type  was  produced.  The 
second  animal  died  in  oo  days  with  acute  tuberculosis  of  the  lungs.  Tlie  third 
exhibited  acute  disseminated  tuberculosis. 

(3)  In  Lemurs,  Baboons,  and^  Monkei/s. 

(1)  In  Lemurs.— Feeding  with  1  mg.  of  culture  of  E  II  (from  original  material) 
produced  severe  disease  in  Lemur  18  ;  and  a  like  dose  of  the  same  culture,  subcu- 
taneously inoculated,  caused  acute  tuberculosis  in  Lemur  16.  A  like  subcutaneous 
dose  of  E  III  caused  acute  tuberculosis  in  Lemur  14. 

(2)  In  Baboons. — Feeding  with  1  mg.  of  culture  of  E  IV  (from  original 
material)  produced  only  slight  disease  in  Baboon  74  ;  and  a  like  dose  of  the  same 
culture,  subcutaneously  inoculated,  caused  disseminated  tuberculosis  of  retrogressive 
type  in  Baboon  72. 

(3)  In  MonJceys. — Feeding  with  1  mg.  of  culture  of  E  11  (from  original 
material)  produced  only  slight  disease  in  Monkey  186  ;  and  a  similar  result  was 
obtained  in  Monkey  182,  fed  with  1  mg.  of  culture  of  EIV  (from  original  material). 
In  Monkey  208  feeding  with  50  mg.  of  culture  of  E  II  (from  original  material) 
produced  disseminated  tuberculosis  of  a  chronic  type  ;  in  Monkey  212,  fed  with  a 
like  dose  of  culture  of  E  II  (from  Calf  404),  only  slight  and  apparently  non- 
progressive lesions  were  pi'oduced  ;  and  in  Monkey  202,  fed  with  60  mg.  of  culture 
of  E  II  (from  original  material),  very  little  evidence  of  tuberculosis  w;is  found. 
Subcutaneous  inoculation  of  '1  mg.  of  E  II  (from  original  material)  produced  in 
Monkey  184  disseminated  lesions  of  a  mild  type  ;  1  mg.  of  the  same  culture 
produced  still  mikler  infection  in  Monkey  180,  but  in  Monkey  216  a  like  subcu- 
taneous dose  of  the  same  culture  caused  general  dissemination  and  abundant 
multiplication  of  bacilli,  but  with  relatively  little  tissue  destruction.  Subcutaneous 
inoculation  of  1  mg.  of  E  II  (from  Calf  408)  caused  disseminated  tuberculosis  of  a 
mild  type  in  Monkey  220.  The  subcutaneous  inoculation  oi  1  mg.  of  E  TV  (from 
original  materian  caused  progressive  tuberculosis  of  an  acute  type  in  Monkey  178, 
and  disseminated  tuberculosis  of  a  chronic  type  in  Monkey  218.  The  subcutaneous 
inoculation  of  10  mg.  of  E  II  (from  original  material)  caused  progressive  disseminated 
lesions  in  Monkey  168. 

The  instances  of  relatively  low  virulence  of  E  II  and  E  IV  for  the  monkey  may 
be  compared  with  similar  results  obtained  by  certain  human  lupus  viruses,  to  which 
I  have  called  attention  above. 

(-1)  In  Other  Mammals. 

In  four  rabbits,  the  lesions  produc(!d  by  the  viruses  E  I,  E  III,  and  E  Y  ^vere 
identical  with  those  caused  by  highly  virulent  human,  bovine,  and  porcine  viruses 
The  effects  of  subcutaneous  inoculation  were  much  less  severe  than  those  produced 
by  intravenous  inoculation.  The  viruses  E  II  and  E  IV  have  produced  disseminated 
disease,  but  it  was  of  a  more  chronic  character  in  some  cases,  e.g.,  in  Rabbits  1082, 
1083,  and  1080,  inoculated  subcutaneously  with  culture  from  original  material. 
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But  in  Rabbit  1418,  1  mg.,  su}3cutaneously,  of  E  IV  (tlirough  Calf  502)  produced 
severe  disease.  Intravenous  inoculations  of  cultures  from  original  material  of  E  II 
and  E  TV  produced  advanced  and  fatal  disease,  but  the  infection  was  less  acute  in 
type  than  that  caused,  intravenously,  by  E  L 

In  swine,  E  II  in  a  subcutaneous  dose  of  10  mg.  produced  general  tuberculosis 
in  one  case,  but  the  lesions  appeared  to  be  quiescent  and  contained  very  few  bacilli  ; 
in  another  case,  after  50  mg.,  subcutaneously,  of  the  same  virus,  the  lungs  were 
severely  affected  and  contained  very  large  numbers  of  bacilli.  E  III  in  a  subcu- 
taneous dose  of  10  mg.  produced  about  as  much  disease  as  50  mg.  of  E  II,  but  the 
experiment  was  terminated  at  an  earlier  period  (63  days  as  compared  with  174  days). 
E  IV,  in  a  subcutaneous  dose  of  10  mg.,  produced  the  same  result  as  the  same  dose 
of  E  II,  and  in  a  dose  of  50  mg.  has  not  produced  more  severe  disease. 

In  guinea-pigs  the  tissue  reaction  was  the  same  as  that  produced  by  mammalian 
bacilli  of  human  or  porcine  origin.  All  the  animals  showed  disseminated  disease, 
but  with  less  incidence  upon  the  kidneys  than  upon  other  organs.  The  three 
animals  inoculated  with  E  IV  are  examples  of  a  relatively  mild  type  of  infection. 
The  animals  inoculated  with  E  II  and  E  III  showed  more  extensive  disease, 
particularly  in  the  liver,  but  it  is  noticeable  that  E  III,  the  more  virulent  of  the  two 
viruses,  has  not  produced  infections  of  more  severity  than  E  11. 

(5)  Li  Fowls. 

After  intravenous  inoculation  the  bacilli  have  been  generally  disseminated  and 
have  produced  slight  irritant  effects  in  the  sites  where  they  have  been  deposited. 
They  showed  no  signs  of  multiplication  and  have  not  led  to  the  formation  of 
tubercles. 

Lesions  produced  by  Mammalian  Tubercle  Bacilli  isolated  from 

A  Gnu  and  an  Antelope. 

These  two  viruses  produced  in  the  rabbit  advanced,  slowly  progressive  disease 
identical  in  type  with  that  caused  by  other  mammalian  viruses  possessing  relatively 
low  virulence  for  the  bovine. 

Calf  510,  inoculated  subcutaneously  with  50  mg.  of  culture  obtained  from  the 
antelope,  showed  no  signs  of  dissemination  in  the  specimens  examined. 


THE  BACTERIOLOGICAL   RESULTS  WITH   MAMMALIAN  VIRUSES. 


Additional  Observations  on  tije  Cultural  Characters  oe  Bovine  Viruses. 

Since  the  publication  of  the  Second  Interim  Report  no  new  bovine  viruses  have 
been  im^estigated,  but  additional  experimental  animals  have  been  inoculated  with  the 
old  viruses  by  Dr.  F.  Griffith  at  Walpole  Farm,  and  the  characters  of  the  cultures 
obtained  from  them  have  been  studied.  As  a  convenient  distinction  from  the  term 
"  virus,"  which  is  used  to  designate  all  the  bacilli  derived  from  a  spontaneously 
infected  bovine  which  formed  a  starting-point  of  the  investigations,  these  cultures 
raised  from  particular  animals  are  termed  "  strains." 

I  have  examined  31  additional  strains,  and  classified  them  on  the  same 
principle  and  by  the  same  methods  as  in  my  previous  Report.  They  are  arranged, 
according  to  their  abundance  of  growth,  in  Grades  I,  II,  III,  &c.,  which  form  an 
ascending  scale,  Grade  I  being  the  class  containing  the  cultures  which  grow  least 
well  on  the  test  media.  My  results,  compared  with  those  previously  reported,  are 
as  follows  : — 

Virus.  -B  IV. 

No.  of  strains  previously  reported — 14,  viz.,  11  in  Grade  I,  1  in  Grade  II 
(Dog  116),  1  in  Grade  III  (Dog  92),  and  1  in  Grade  IV  (Dog  18). 

No.  of  new  strains — 7,  viz.,  3  in  Grade  I  (2  from  Dog  150  and  1  from 
Rabbit  1899),  3  in  Grade  II  (2  from  Dog  116  and  1  from  Chimpanzee  22),  and  1  in 
Grade  III  (Fowl  394). 
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Virus. — B  VII. 

One  strain  previously  reported,  in  Grade  II. 

Two  new  strains,  both  in  Grade  III  (Fowls  442  and  444). 

Virus.— 1^  VIII. 
One  strain  previously  reported,  in  Grade  II. 
Two  new  strains,  both  in  Grade  II  (Dogs  142  and  156). 

Virus. — B  IX. 

Number  o£  strains  previously  reported — 14,  viz.,  13  in  Grade  III,  and  1  in 
Grade  IV  (Dog  50). 

Number  of  new  strains — 8,  viz.,  2  in  Grade  II  (Monkey  152  and  Chimpanzee 
18),  and  6  in  Grade  III  (3  from  Dogs  126  and  136,  2  from  Fowls  430  and  432, 
and  1  from  Monkey  126). 

Virus.— ^  XII. 

Two  strains  previously  reported,  1  in  Grade  I  and  1  in  Grade  II. 
Two  new  strains,  both  in  Grade  I  (Dog  160  and  Pony  6). 

Virus. — B  XX 11. 

Two  strains  previously  reported,  1  in  Grade  I  and  1  in  Grade  III  (Dog  72). 
One  new  strain,  in  Grade  III.  (Dog  126). 

Virus.— ]i  XXVI. 
One  strain  previously  reported,  in  Grade  II. 

Nine  new  strains— 6  in  Grade  I  (Rabbits  1903,  1904,  1908,  Parrots  6  and  8, 
Fowl  516),  and  3  in  Grade  II  (Fowls  84  and  450,  and  Guinea-pig  3331). 

Results. 

Compared  with  former  results,  the  new  strains  do  not  exhibit  any  very 
important  differences.  Sometimes,  though  not  invariably,  a  change  in  the  direction 
of  increased  luxuriance  has  been  observed  after  residence  in  the  tissues  of  a  dog. 
The  results  on  birds,  taken  as  a  whole,  show  very  little  evidence  of  change, 
thouGfh  in  some  instances  the  cultures  recovered  from  birds  have  otowu  rather  better 
than  previously  ;  their  characters  have  always  remained  in  strict  conformity  to  the 
mammalian  type. 

Additional  Observations  on  the  Cultural  Characters  of  Humant  Viruses. 

My  observations  deal  with  15  additional  strains  from  2  old  viruses  and  109 
strain's  from  44  new  viruses. 

(1)  Old  Mriises. 

Further  investigations  carried  out  by  Dr.  A.  S.  Griffith  at  Blythwood  have 
enabled  me  to  obtain  additional  cultures. 

H  13.  A.D. — Three  strains  were  previously  reported,  1  in  Grade  IV  (Calf  301), 
and  2  in  Grade  I  (Rat  15  and  Calf  321,  each  from  Calf  301).  Six  new  strains  have 
been  classed,  1  in  Grade  V  (Calf  1175  from  Calf  301),  and  5  in  Grade  I  (2  strains 
of  Calf  1177  from  Calf  301,  and  3  strains  of  Calf  1237  from  Calf  1175). 

H  53.  D.H. — Two  strains  were  previously  reported,  both  in  Grade  III.  9  new 
strains  have  been  classed,  all  in  Grade  III,  viz.,  8  derived  through  various  animals 
from  the  same  original  human  material  (a),  and  1  derived  from  the  second  original 
human  material  (b)  obtained  from  the  same  suliject. 

Comments. — These  results  confirm  those  previously  obtained.  In  the  case  of 
H  13.  A.D.  it  has  again  been  shown  that  cultures  of  very  much  lower  luxuriance 
may,  by  animal  passage,  be  obtained  from  the  culture  derived  from  Calf  301.  The 
classification  of  H  53.  D.H.  has  been  confirmed  by  8  additional  strains  derived, 
ultimately,  from  the  same  original  material,  and  by  a  strain  derived  from  tissue 
removed  3  ^^  years  subsequently  from  the  same  human  subject. 

(2)  New  Viy^uses, 

In  22  out  of  the  44  new  viruses  I  have  not  investigated  more  than  one 
strain.      In  each  of  the  remaining  22  more  than  one  strain  was  examined  ;  some 
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of  these  latter  viruses  presented  features  of  special  interest,  in  others  the  reason 
for  examining  more  than  one  strain  was  mainly  to  see  how  far  strains  presumably 
identical  in  character  yielded  identical  features  on  artificial  media.  86  strains 
belonging  to  these  22  viruses  were  examined. 

Out  of  the  total  44  new  viruses,  2  were  classed  in  Grade  I,  3  in  Grade  II, 

1  in  Grades  II  and  III,  8  in  Grade  III,  1  in  Grades  II  and  IV,  1  in  Grades  III 
and  IV,  16  in  Grade  IV,  7  in  Grades  IV  and  V,  and  5  in  Grade  V. 

In  relation  to  the  original  human  material  the  distribution  is  as  follows  : — 

2.  Grade  I. — H  77.  R.L.  (Liver  and  Mesenteric  Gland — age  lyV  years)  ; 
H  89.  W.I.  (Mesenteric  Gland  and  Lung— age  4  years). 

3.  Grade  IL—R  100.  R.S.,  H  105.  G.S.,  and  H  110.  J.B.  (all  Lupus). 
1.  Grades  II  and  III. — H  85.  H.B.  (Lupus). 

8.  Grade  III. — H  69.  F.K.  (Mesenteric  Gland  and  Meninges  of  Brain — age 

2  years)  ;  H  72.  H.C.  (Abscess  (A  Rib — age  49  years)  ;  H  88.  E.L.  (Mesenteric 
Gland— age  8^^  years)  ;  H  91.  H.S.,  H  101.  E.G.,  H  107.  H.H.,  H  108.  H.R., 
*ind  H  111.  S.E.  (all  Lupus). 

1.  Grades  II  and  IV. — H  90.  LP.  (Mesenteric  Gland  and  Retro -peritoneal 
Gland — age  70  years). 

1.  Grades  III  and  IV.— B.  60.  W.B.  (3  strains  from  Bronchial  Gland  in  III., 
1  strain  from  Bronchial  Gland  and  strains  from  Brain,  Mesenteric  Gland,  and 
Lung  in  IV. — age  4^^  years). 

16.  Grade  IV. — H  67.  E.P.  (Scapular  Abscess— age  14  years)  ;  H  68.  R.B. 
(Sacral  Abscess — age  69  years)  ;  H  70.  is.W.  (Lung,  Cervical  Gland,  Bronchial 
Glands,  and  Mesenteric  Glands — age '  { f  year);  H  74.  D.S.  (Mesenteric  Gland, 
Bronchial  Gland,  and  Spleen — age  year)  ;  H  76.  G.M.  (Knee  Joint — age  30 
years)  ;  H  82.  G.F.  (Mesenteric  Glands  and  Lung — age  4  years)  ;  H  84.  M.S. 
(Lupus)  ;  H  86.  CP.  (Meninges  of  Brain — age  3y2- years)  ;  H  87.  W.D.  (Suprarenal 
Capsule — age  21  years)  ;  H  93.  CD.  (Lung  and  Acne  Spot — age  2 1^2"  years)  ; 
H  98.  B.R.  (Cerebro- Spinal  Fluid— age  7  years)  ;  H  102.  KH.,  H  103.  N.S., 
H  106.  K.R.,  H  109.  M.W.  (all  Lupus)  ;  H  115.  N.G.  (Cerebro- Spinal  Fluid- 
age  3  years). 

7.  Grades  IV  and  V.—  R  71.  L.V.  (Lupus— strain  (a)  in  IV,  (b)  in  V)  ; 
H  75.  A.H.  (Peritoneal  Fluid  m  IV,  Lung  in  V— age  7  years)  ;  H  78.  O.D. 
(Bronchial  Gland  and  Lung  in  IV,  Meninges  of  Brain  in  — age  /t,  year)  ; 
H  79.  J.JS[.  (4  strains  from  Lung  in  IV,  8  strains  from  Lung  in  — age  24 
years)  ;  H  80.  D.M.  (6  strains  from  Lung  in  IV,  3  strains  from  Lung  in  V — 
age  33  years)  ;  H  81.  P.W.  (2  strains  from  Lung  in  IV,  7  strains  from  Lung 
in  V — age  33  years)  ;  H  99.  L.K.  (Lupus — strain  from  one  G.P.  in  TV,  from 
another  in  V). 

5.  Grade  V. — H  83.  G.C  (Mesenteric  Gland,  Bronchial  Gland,  Meninges 
of  Brain— age  It^  years)  ;  H  92.  D.N.  (Lupus)  ;  H  104.  E.R.  (Lung— age  31 
years)  ;   H  112.  B.B.,  H  114.  A.U.  (both  Lupus). 

The  Cultural  Characters  of  Bacilli  isolated  from  Human  Sputum. 

In  addition  to  the  preceding  strains  Dr.  A.  S.  Griffith  has  sent  to  me  for  exami- 
nation cultures  which  he  isolated  from  the  sputum  of  28  patients.  Before  collecting 
the  sputum  special  precautions  were  taken  to  avoid  the  risk  of  contamination  by 
living  tubercle  bacilli  of  animal  oriadn  communicated  through  food  inoested. 
These  viruses  were  numbered  H  118 — H  145.  Twenty-three  of  them  grew 
luxuriantly  on  my  usual  test  media  ;  in  my  notes  I  have  classed  them  in  Grade  V 
in  all  but  one  instance,  when  I  described  the  growth  as  being  equivalent  to  the 
best  of  Grade  IV, 

Special  attention  may  be  called  to  the  remaining  five  viruses.  I  found  H  118. 
F.C  to  be  typical  of  the  poorer  growths  in  Grade  III.  With  H  122.  F.P.  the 
growths  on  broth  and  glycerin-agar  were  typical  of  Grade  V,  but  on  potato  (three 
trials)  the  growths  were  no  better  than  those  of  Grade  III.  H  127.  R.R.  and 
H  128.  D.D.  were  typical  of  Grade  I.  With  H  133.  P.K.  the  growths  on  broth  and 
potato  were  equivalent  to  those  of  Grade  IV,  but  ©n  glycerin-agar  (three  trials) 
growths  were  no  better  than  the  poorer  specimens  in  Grade  III. 

The  Cultural  Characters  of  Swine  Viruses. 
Fifty-eight  swine  viruses,  derived  from  spontaneously  infected  animals,  have 
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been  investigated.  51  of  these,  derived  in  all  except  12  cases  from  submaxillary 
lymphatic  glands,  were  found  to  be  identical  in  every  respect  with  ordinary  bovine 
viruses,  and  are  classed  in  one  or  other  of  Grades  1,  It,  and  TIL  These  call  for 
no  further  comment,  but  attention  may  be  called  to  the  remaining  seven. 

P  IV. 

The  strains  from  the  original  material  (submaxillary  lymphatic  gland)  of  this 
virus  and  from  Calf  312  grew  abundantly  and  were  classed  in  Grade  V.  But  the 
strain  from  Rabbit  557,  inoculated  with  culture  from  Calf  312,  grew  less  well  and 
was  classed  in  Grade  III  ;  and  the  growths  from  two  strains  of  Rabbit  556,  also 
inoculated  with  culture  from  Calf  312,  were  still  poorer,  and  were  classed  in 
Grade  II. 

P  XLI. 

The  strains  from  original  material  (submaxillary  lymphatic  gland)  and  Pig  166 
were  classed  in  Grade  IV,  the  strain  from  Pig  202  in  Grade  V. 

P  II,  P  III,  P  XXI,  P  XXVII,  P  XLIV. 

The  strains  from  the  original  material  (submaxillary  lymphatic  glands)  of  these 
five  viruses  presented  the  typical  characters  of  the  avian  bacillus  ;  but  the  strain  of 
P  II  from  the  spleen  of  Monkey  118,  and  a  strain  of  P  III  derived  from  Calf  282 
were  mammalian  in  character  and  were  classed  in  Grade  III.  It  does  not  appear  to 
be  possible  to  draw  any  definite  conclusions  from  these  last  two  exceptional  results. 

The  Cultural  Characters  of  Equine  Viruses. 

The  five  viruses  examined,  which  were  obtained  from  spontaneously  infected 
horses,  resembled  in  cultural  growth  the  ordinary  bacillus  isolated  from  the  bovine 
animal.  The  first  three  grew  very  badly  in  early  generations,  presenting  more 
difficulty  in  this  respect  than  even  very  poorly  growing  bovine  viruses  ;  but  after 
prolonged  subculture  they  showed  marked  improvement,  though  not  in  any  case 
surpassing  the  maximum  luxuriance  of  Grade  III.  Strains  passed  through  other 
species  of  animals,  including  the  fowl,  showed  no  important  change  in  cultural 
characters. 

The  Cultural  Characters  of  Three  Other  Mammalian  Viruses. 

A  virus  from  a  spontaneously  infected  cat  grew  fairl}-  well,  though  not  better 
than  some  bovine  viruses.  A  virus  from  a  spontaneously  infected  antelope  grew 
as  well  as  many  slightly  virulent  human  viruses  ;  and  a  virus  from  a  spontaneously 
infected  gnu  was  extremely  luxuriant  in  its  growth. 


COMPARISON    OF    THE    VIRUSES    DERIVED    FROM    MAN  WITH 
THOSE   DERIVED   FROxM   OTHER  MAMMALS. 

In  my  last  Report  I  showed  that  both  as  regards  their  bacteriological 
characteristics  and  their  effects  upon  the  tissues  of  experimental  animals,  the 
viruses  derived  from  bo  vines  were  identical  with  certain  of  the  viruses  derived  Irom 
human  subjects.  As  no  additional  viruses  from  the  bovine  have  been  investigated, 
there  is  nothing  to  add  to  this  statement,  in  so  far  as  it  relates  to  the  characteristics 
of  bovine  viruses. 

But  to  the  previously  recorded  human  viruses  my  investigations  now  show 
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that  there  are  to*  be  added,  as  histologically  and  culturally  identical  with  the  bovine 
viruses,  the  human  viruses  H  77.  R.L.,  H  88.  E.L.,  H  89.  W.I.,  H  110.  J.B.,  and, 
culturally,  the  two  viruses  H  127.  R.R.  and  H  128.  D.D.  which  were  derived  from 
human  sputum. 

Out  of  the  fifty-eight  viruses  obtained  from  spontaneously  infected  swine  I  have 
found  that  fifty  are,  culturally  and  histologically  in  so  far  as  my  investigations  go, 
identical  with  all  those  above  mentioned  human  viruses  which  have  been  found 
identical  with  the  bovine  viruses. 

The  remaining  eight  swine  viruses  differed  from  the  above.  Three  of  them, 
viz.,  P  IV,  P  XLI,  and  P  XL VI,  were  found  to  resemble  pathogenically  certain 
human  viruses.  The  remaining  five  were  radically  different  from  all  the  human 
viruses  ;  they  exhibited  the  characteristics  of  the  avian  tubercle  bacillus. 

Five  equine  viruses  have  been  examined.  Three  of  them  resembled  those 
human  viruses  which  were  found  to  be  identical  with  the  bovine  viruses.  The 
remaining  two,  E  II  and  E  IV,  differed  from  these  three  but  resembled  certain 
other  human  viruses,  notably  the  three  human  viruses  H  100.  R.S.,  H  105.  G.S., 
and  H  108.  H.R.,  which  were  obtained  from  cases  of  lupus. 

A  virus  from  a  spontaneously  infected  cat  resembled  culturally  those  human 
viruses  which  were  found  to  be  identical  with  the  bovine  viruses. 

A  virus  from  a  spontaneously  infected  antelope  and  also  a  virus  from  a 
spontaneously  infected  gnu  proved  identical  with  those  human  viruses  which  differed 
markedly  from  the  bovine  viruses  by  the  possession  of  greater  cultural  luxuriance 
and  lower  pathogenicity  for  calves  and  rabbits. 

The  general  result,  therefore,  in  comparing  the  animal  viruses  with  the  human 
viruses,  is  that,  with  exception  of  the  avian  viruses  noted  above,  every  variety  of 
virus  obtained  ft-om  the  lower  mammals  has  also  been  found  in  man. 

The  Range  of  Variety  in  the  Viruses  Examined. 

In  reporting  on  the  range  of  variety  in  the  viruses  which  I  have  examined,  it  is 
convenient  to  begin  with  the  two  ends  of  the  scale. 

First  there  are  the  viruses  which  have  consistently  produced  in  the  bovine  and 
the  rabbit  lesions  typical  of  highly  acute  tuberculosis.  These  viruses,  though  differing 
among  themselves  in  their  degrees  of  cultural  luxuriance,  are  all  comprised  within 
my  Grades  I  to  III. 

At  the  other  end  of  the  scale  there  are  the  viruses  which,  when  tested 
appropriately,  have  consistently  produced  in  the  bovine  and  the  rabbit  lesions  typical 
of  less  acute,  chronic,  or  retrogressive  tuberculosis.  These  viruses  are  of  greater 
cultural  luxuriance  than  the  former,  being  classed  by  me  in  Grades  lA^  and  V. 

Then  there  are  viruses  which,  for  one  reason  or  another,  occupy  an  intermediate 
position  in  the  scale.  To  these  I  now  refer  in  detail,  arranging  them  under  headings 
which  indicate  what  appears  to  me  the  reason  for  placing  the  viruses  in  question  in 
an  intermediate  position. 

Viruses  Exhibiting  some  Anomalies. 

(1)  Bissimilarity  of  Bacilli  from  Different  Parts  of  the  same  Human  Body. 

H  60.  W.B. — The  main  facts  on  which  I  am  able  to  report  regarding  this  virus 
are  as  follows  : — The  cultures  v*^hich  I  investigated  were  derived  from  ( 1 )  a  bronchial 
gland,  (2)  the  lungs,  (3)  a  mesenteric  gland,  and  (4)  the  brain  of  the  human  subject. 
The  culture  from  (1)  (fifth  generation),  through  Guinea-pig  1825,  was  classed 
amongst  the  best  growths  of  Grade  III  ;  Calf  1107  was  inoculated  with  this  culture  ; 
cultiu'es  from  the  nrescapular  and  a  portal  gland  of  Calf  1107  were  classed  amongst  the 
average  growths  of  Grade  III.  The  cultures  from  (2),  (3),  and  (4)  grew  better  and 
were  classed  in  Grade  IV,  (2)  being  amongst  the  average  and  (3)  and  (4)  amongst 
the  best  growths  in  this  Grade.  Experimentally,  as  I  find  from  the  material  sent  to 
me  for  examination,  (1)  proved  to  be  of  high  virulence,  whereas  in  two  calves 
inoculated  respectively  with  (2)  and  (4)  there  was  evidence  of  much  lower  virulence. 
I  have  examined  the  tissues  of  four  calves  representing  the  effects  of  (1)  and 
found  them  all  to  exhibit  severe  infection,  whereas  in  two  calves  taken  as 
representative  of  the  effects  of  the  other  three  strains  the  type  of  disease  is  very  much 
milder.     These  results  indicate  that  the  bacilli  derived  from  the  human  bronchial 
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gland  (iifFered,  both  culturally  and  in  virulence,  from  those  derived  from  the  lungs  and 
brain  of  the  same  subject.  I  may  also  call  attention  to  a  minor  point  regarding  (1). 
1  have  examined  a  culture  from  Rabbit  1228,  which  had  l:ieen  inoculated  with  this 
strain  after  it  had  been  subcultured  for  many  generations  on  glycerinated  media  ;  and 
I  have  found  that,  apparently  owing  to  the  influence  of  the  glycerin,  there  is  a  slio-ht 
increase  of  luxuriance,  the  culture  being  classed  amongst  the  poorer  o-rowths  of 
Grade  IV. 

//  69.  F.K. — Cultures  were  examined  (1)  from  the  mesenteric  gland  and  (2)  the 
meninges  of  the  human  subject,  and  were  both  classed  amongst  the  best  growths  of 
Grade  III.  The  tissues  of  Calf  1249,  after  inoculation,  when  13  weeks  old, 
with  50  mg.  of  (1),  exhibited  relatively  mild  disease  ;  but  the  tissues  of  Calf  1267, 
inoculated,  when  17  weeks  old,  with  a  like  dose  of  (2),  exhibited  typically  acute 
infection.  It  therefore  appears  that  the  bacilli  derived  from  the  human  menino'es 
were  of  somewhat  higher  virulence,  in  this  particular  instance,  than  those  derived 
from  the  mesenteric  gland. 

H  90.  I. P. — Cultures  (1)  from  a  retro -peritoneal  gland  (direct)  and  (2)  from  a 
mesenteric  gland  (through  Guinea-pig  2522)  of  the  human  subject  were  both  classed 
in  Grade  IV,  the  former  growing  rather  better  than  the  latter.  In  the  tissues  of 
Calves  1383  and  1471,  inoculated  with  50  mg.  and  80  mg.  respectively  of  culture 
from  (1),  the  lesions  are  mild  and  retrogressive  in  character  ;  but  cultures  from 
Calves  1383  and  1471  grew  much  more  poorly,  being  classed  in  Grade  II,  and  in 
Calves  1489  and  1493,  inoculated  with  cultures  obtained  respectively  from  Calves 
1383  and  1471,  the  lesions  show  highly  acute  infection. 

(2)  Initial  Irregularity  of  Bacilli  from  the  same  Original  Human  Site. 

H  49.  T.C. — I  have  investigated,  and  ab'eady  reported  upon,  material  from 
three  strains  of  this  virus,  which  was  derived  from  the  mesenteric  gland 
of  a  young  adult.  Strain  (1)  (direct  from  original  material)  was  classed 
by  me  in  Grade  II  ;  strain  (2)  (Calf  7~87,  which  had  been  inoculated  with  1) 
was  placed  in  Grade  III;  and  strain  (3)  (Calf  797,  which  had  been  inoculated 
with  1)  was  placed  in  Grade  II.  Calves  787  and  797  were  inoculated  each 
with  50  mg.  of  strain  (1)  Avhen  the  strain  had  been  two  months  in 
cultivation  ;  the  first  animal  was  fatally  infected  in  81  days,  the  latter  was  killed, 
with  only  a  slight  amount  of  disease,  in  83  days.  After  the  same  strain  had  been 
7  months  in  cultivation  it  was  inoculated  in  doses  of  50  mg.  into  Calves  957  and 
959  ;  both  were  fitally  infected,  the  former  in  61  and  the  latter  in  53  days.  After 
the  same  strain  had  been  14  months  in  cultivation,  it  was  inoculated  into  Calf 
1097,  in  a  dose  of  50  mg.,  and  produced  in  this  animal  only  a  slight  amount 
of  disease,  as  reported  by  Dr.  Cobbett.  The  virulence  of  strain  (3)  was  also 
tested  upon  bovines  and  proved  highly  virulent  in  doses  of  both  50  mg.  and 
10  mg.  Further  investigations  of  strain  (1)  in  my  laboratory  have  shown  that 
when  it  had  been  two  years  in  cultivation  it  produced,  in  a  dose  of  50 
mg.,  slowly  progressive  tuberculosis  of  an  intermediate  "or  chronic  type  in 
Calf  1213 ;  and  that  a  tissue  emulsion  from  this  animal  produced  in  Calf 
1263  disseminated  caseous  tubercles  of  retrogressive  type.  Nevertheless  a  cul- 
ture from  Calf  1263,  in  a  dose  of  50  mg.,  produced  acute  tuberculosis  in  Calf 
1347.  Another  culture  from  strain  (1)  (through  G.F.  2918)  produced,  in  a  dose 
of  48  mg.,  acute  tuberculosis  in  Calf  1501.  My  work  on  this  virus,  therefore, 
illustrates  irregularities  in  the  pathogenic  effects  of  the  bacilli  derived  from  the 
original  human  mesenteric  gland. 

R  53.  IJ.II. — Material  (scrapings  of  skin)  from  this  case  (human  lupus)  was 
received  by  my  colleagues  on  two  occasions,  (a)  on  January  17,  1905,  and  (b)  on 
August  17,  1908.  I  have  examined  cultures  of  10  strains  from  (a)  and  of 
1  strain  from  (b),  and  have  classed  them  all  in  Grade  III.  Cultures  from  (a) 
have  failed  to  produce  severe  disease  in  calves  ;  but  cultures  from  (b)  produced 
acute  infection  in  Calves  1507  and  1545,  though  in  Calf  1535,  inoculated 
with  the  same  material  and  the  same  dose  (50  mg.)  as  Calf  1545,  I  have 
found  only  slight  evidence  of  disease.  Taking  the  results  as  a  whole,  the 
bacilli  present  in  the  infected  area  of  skin  appear,  from  the  specimens  which  I 
have  examined,  to  have  possessed  a  distinctly  higher  initial  experimental  virulence 
in  the  year  1908  than  in  the  year  1905. 
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H  100.  R.S.  —  Cultures  from  the  original  material  (human  lupus),  in 
doses  of  50  mg.,  produced,  as  shov/n  by  histological  examination,  typically 
acute  tuberculosis  in  Calf  1523,  but  only  chronic  tuberculosis  in  Calf  1419 
(aged  nine  weeks  when  inoculated)  ;  and  100  mg.  of  original  culture  produced 
only  chronic  tuberculosis  in  Calf  1409  (aged  24  weeks  when  inoculated).  The 
cultural  characters  of  this  strain  were  classed  by  me  amongst  the  best  growths  of 
Grade  II. 

(3)  Histological  Evidence  of  Increased  Viridetice,  with  Bacteriological 
Evidence  of  Diminished  Cultural  Luxuriance, 

H  13.  A.D. — In  my  previous  Report  I  dealt  with  this  virus  (human 
bronchial  glands  and  spleen).  In  the  earlier  experiments,  carried  out  by  Dr. 
Cobbett,  the  virus  was  of  low  virulence  ;  but  after  animal  passage  severe  disease 
was  produced  suddenly  in  Calf  301.  The  culture  from  this  animal  was  classed 
in  Grade  IV.  This  culture,  15  months  after  isolation,  was  inoculated,  in  doses 
of  50  mg.,  into  Calves  761  and  765,  and  produced  in  these  animals,  as  reported  by 
Dr.  Cobbett,  only  slight  disease.  But  in  Calf  321,  inoculated  with  emulsion  of  the 
tissues  of  Calf  301,  acute  disease  had  been  produced,  and  the  culture  from  Calf  321 
was  classed  in  Grade  I.  This  last  culture  produced  acute  disease  in  Calf  825.  Later 
experiments,  by  Dr.  A,  S.  Griffith,  have  yielded  me  material  showing  that,  when 
the  strain  from  Calf  301  had  been  additional  23  months  in  artificial  cultivation, 
doses  of  50  mg.  and  100  mg.  of  culture  produced  no  more  than  chronic 
disseminated  tubercles  in  the  tissues  of  Calves  1175,  1177,  and  1207.  In 
Calf  1237,  inoculated  with  a  tissue  emulsion  from  Calf  1175,  the  lesions  were 
much  more  extensive  but  were  not,  in  the  specimens  which  I  examined,  equal  in 
severity  to  those  found  in  highly  acute  infections.  A  culture  from  Calf  1175  I 
have  classed  in  Grade  V  ;  but  two  cultures  from  ditFerent  organs  of  Calf  1177 
and  three  cultures  from  different  organs  of  Calf  1237  have  been  classed  by  me 
in  Grade  I. 

H  16.  J.H. — This  virus  has  been  dealt  with  in  my  former  Report. 

P  IV. — The  culture  obtained  from  the  original  material  (submaxillary  lym- 
phatic gland  of  a  pig)  was  classed  in  Grade  V",  and  produced  disease  which  is 
histologically  of  intermediate  severity  in  Calf  312,  but  only  slight  disease  in  Calf 
314.  The  culture  from  Calf  312  was  also  classed  in  Grade  V  ;  it  produced  only 
slight  disease  in  two  calves,  and  also  in  Rabbits  556  and  557.  But  a  culture  from 
Rabbit  557  was  classed  in  Grade  III  ;  and  cultures  from  two  organs  of  Rabbit  556 
were  each  classed  in  Grade  II. 

(4)  Cultural  Characters  compatible  ivith  High  Virulence  ;  Histological  Evidence 
of  Initial  Low  Virulence  followed  by  cm  Increase. 

H  100.  R.S. — This  virus  (original  material)  was  classed  in  Grade  II.  Two 
cultures  from  the  original  material  (human  lupus)  produced  only  mild  disease  in 
Calves  1409  (100  mg.)  and  1419  (50  mg.).  But  the  cultures  from  these  two  calves 
produced,  in  doses  of  50  mg,,  acute  tuberculosis  in  Calves  1511,  1517,  and  1543. 

H  105.  G.S. — The  culture  fi'om  the  original  material  (human  lupus)  was  classed 
in  Grade  II,  but  produced  only  mild  disseminated  disease  in  Calves  1405  and  1449, 
after  doses,  respectively,  of  92  mg.  and  48  mg.  But  the  cultures  from  these  two 
calves,  in  doses  of  50  mg.,  produced  acute  disease  in  Calves  1521  and  1527. 

H  107.  H.H. — The  culture  from  the  original  material  (human  lupus)  was 
classed  in  Grade  III,  but,  in  doses  of  50  and  80  mg.,  produced  only  slight  disease  in 
Calves  1453  and  1497.  The  culture  (50  mg.)  from  Calf  1497  produced  only  mild 
disease  in  Calf  1549  ;  but  the  culture  from  Calf  1453,  whilst  producing  mild  disease 
in  Calf  1505  (with  100  mg.)  and  in  Calf  1513  (with  50  mg.),  produced  acute  disease 
in  Calf  1519  (with  50  mg.). 

H  108.  H.R. — The  culture  from  the  original  material  (human  lupus)  was 
classed  in  Grade  III,  but  (in  doses  of  50  and  88  mg.)  it  produced  remarkably  little 
disease  in  Calves  1417  and  1421.  But  50  mg.  of  culture  from  Calf  1417  produced 
very  acute  disease  in  Calf  1539  ;  and  50  mg.  of  culture  from  Calf  1539  produced 
typically  acute  infection  in  Calf  1509. 

E  II. — The  culture  first  investigated  by  me  was  derived  from  a  guinea-pig  in- 
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oculated  with  original  material  (a  mesenteric  gland  of  a  horse).  For  several  genera- 
tions the  culture  grew  very  badly  (Grade  I)  ;  later  generations  grew  much  better  and 
attained  to  Grade  III,  but  never  exceeded  this  degree  of  cultural  luxuriance.  This 
culture  produced  a  moderate  amount  of  disease  in  (1)  Calf  406  (10  mg.),  but  only 
slight  disease  in  (2)  Calf  404  (10  mg.),  in  (3)  Calf  504  (50  mg.),  and  in  (4) 
Calf  506  (50  mg.).  From  (1),  a  culture  was  raised  and  passed  into  Calf  596 
(50  mg.),  where  it  produced  slowly  progressive  tuberculosis  of  the  lungs  ;  a  culture 
from  Calf  596  was  classed  in  Grade  I  ;  it  produced  acute  tuberculosis  in  Calf  638 
(50  mg.).  From  (2),  a  culture  was  raised  and  was  classed  in  Grade  I  ;  this  culture 
wa>s  passed  into  Calf  590,  but  the  animal  died  prematurely  of  intercurrent  disease  ; 
a  culture  from  Calf  590  was  classed  in  Grade  I  ;  it  produced,  according  to  Dr.  F. 
Griffith's  report,  only  slight  disease  in  Calf  618  (50  mg.).  From  (3),  cultures  were 
raised  from  the  prescapular  gland  and  lung  and  were  both  classed  in  Grade  I  ;  50 
mg.  of  the  culture  from  the  prescapular  gland  produced  acute  tuberculosis  in  Calf 
626  ;  50  mg.  of  the  lung  culture  produced  mild,  retrogressive  infection  in  Calf  578 
but  typically  acute  infection  in  Calf  580.  From  (4),  a  culture  was  obtained  and 
was  classed  in  Grade  I  ;  this  culture  produced  moderately  severe  infection  in  Calf  628 
(50  mg.)  ;  a  culture  from  Calf  628  produced  acute  disease  in  Calf  646  (50  mg.),  as 
reported  by  Dr.  F.  Griffith. 

E IV. — The  first  culture  investigated  by  me  was  obtained  from  a  guinea-pig  which 
had  been  inoculated  with  the  original  material  (spleen  of  a  horse).  It  was  classed 
in  Grade  III.  It  produced  only  slight  disease  in  Calf  410  (10  mg.),  in  Calf  502 
(50  mg,),  and  in  Calf  620  (50  mg.),  but  in  Calf  498  (50  mg.),  there  was  acute 
tuberculosis  of  the  lungs,  suggestive  of  intravenous  inoculation.  From  another  calf 
(408),  in  which  Dr.  Griffith  found  only  slight  disease,  a  culture  was  obtained  and  was 
classed  in  Grade  III  ;  it  produced  a  moderate  amount  of  disease  in  Calf  582  (50  mg.)  ; 
no  increase  of  virulence  for  calves  was  obtained  in  subsequent  passage  experiments 
from  this  culture.  From  Calf  498  cultures  were  obtained  (bronchial  gland  and 
lung)  and  were  classed  in  Grade  III ;  50  mg.  of  the  lung  culture  failed  to  produce 
any  evidence  of  dissemination  in  the  tissues  examined  of  Calf  586  ;  no  increase 
of  virulence  for  calves  was  obtained  in  subsequent  passage  experiments  from  the 
cultures  of  Calf  498.  From  Calf  502  a  culture  was  obtained  and  was  classed  in 
Grade  III.  Doses  of  50  mg.  of  culture  from  Calf  502  were  inoculated  into 
Calves  602,  614,  and  630  ;  in  the  first  animal  disseminated  tuberculosis  of  a  chronic 
but  probably  slowly  progressive  type  Avas  produced  ;  the  second  animal  died  in 
33  days  with  acute  tuberculosis  of  the  lungs  ;  the  third  exhibited  acute  disseminated 
tuberculosis.  A  culture  from  Calf  602  produced  acute  tuberculosis  in  Calf  650, 
as  reported  by  Dr.  Griffith.  From  Calf  616,  another  calf,  inoculated  with  the  first 
culture,  in  which  Dr.  Griffith  found  only  slight  disease,  a,  culture  was  obtained  and 
was  classed  in  Grade  II. 


(5)  Intermediate  Viruses  in  Grade  IIL 

In  classifying  my  cultures  I  have  found  only  a  slight  difference  between  some 
of  the  best  growths  in  Grade  III  and  s(^me  of  the  poorest  growths  in  Grade  IV.  The 
following  viruses,  classed  by  me  in  Grade  III,  yielded  histological  evidence  of  low 
virulence,  and  in  this  respect  resembled  the  better  growing  viruses  of  Grades  IV 
and  V. 

11  72.  H.C. — This  virus  (abscess  from  a  human  rib)  was  classed  by  me  amongst 
the  best  growths  of  Grade  III.  It  proved  to  be  of  relatively  low  virulence  for  the 
bovine. 

//  85.  H.B. — The  culture  obtained  through  a  guinea-pig  from  the  original 
material  (human  lupus)  was  classed  by  me  in  Grade  III.  Cultures  through 
Chimpanzee  11  were  also  classed  in  Grade  III.  A  culture  from  Monkey  121  was 
classed  in  Grade  II.    The  virus  proved  to  be  of  low  vii-ulence  for  the  bovine. 

H  91.  U.S. — This  virus  (human  lupus)  Avas  classed  by  me  in  Grade  III,  It 
was  found  by  Dr.  A,  S.  Griffith  to  be  of  low  virulence  for  the  bovine  (one  animal) 
and  rabbits. 

II 101.  E.G. — This  Adrus  (human  lupus)  was  classed  by  me  amongst  the  best 
growths  of  Grade  III.  It  was  found  by  Dr.  A.  S.  Griffith  to  be  of  low  virulence  for 
the  bovine  (one  animal)  and  rabbits. 

//  111.  S.E. — This  virus  (human  lupus)  Avas  classed  by  me  in  Grade  III.  It 
proved  to  be  of  relatively  Ioav  virLilence  for  two  boAdnes  in  doses  of  50  mg. 
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P  XLVI. — This  virus  (submaxillary  lymphatic  gland  of  a  pig)  was  classed  by 
me  amongst  the  best  growths  of  Grade  III.  It  was  found  by  Dr.  F.  Griffith  to  be  of 
low  virulence  for  the  bovine  in  a  dose  of  oO  rag.  and  a  dose  of  ?  5  mg. 


THE   RESULTS   WITH   AVIAN   TUBERCLE  BACILLI. 


The  Histology  of  Lesions  produced  by  Avian  Viruses. 

No  histological  difference  has  been  found  in  the  pathogenicity  of  the 
A'arious  viruses,  exhibiting  the  cultural  characters  of  the  avian  bacillus,  which  I 
have  investigated. 

(1)   In  Fowls  and  Pa7T0t$. 

After  intravenous  inoculation  of  avian  bacilli  in  fowls,  severe  and  rapidly  fatal 
infection  is  produced.  The  brunt  of  the  disease  falls  on  the  liver  and  spleen  ;  and 
in  these  organs  there  is  an  extremely  copious  multiplication  of  bacilli.  The  lungs 
and  kidneys  are  much  less  susceptible.  Many  bacilli  lodge  in  the  lungs,  and  there 
multiply  into  colonies  ;  but  they  produce  very  little  tissue  damage,  much  less  than 
has  been  found  in  several  cases  after  intravenous  inoculation  of  fowls  with  highly 
virulent  mammalian  bacilli.  In  the  kidneys  also,  avian  bacilli  may  be  detained, 
though  in  much  smaller  numbers  than  in  the  lungs  ;  when  detained,  they  frequently 
grow  into  small  colonies  but  produce  very  little  tissue  damage. 

After  feeding  in  fowls,  severe  disease  may  be  produced  by  the  avian  bacillus  ; 
but  it  is  slower  in  development  than  after  intravenous  inoculation,  and  is  associated 
with  caseous  tubercles  surrounded  by  giant  cells,  or  multinucleate  cell  masses,  and  a 
fibrous  periphery.  The  incidence  of  the  disease  on  different  organs  is  the  same  as 
after  intravenous  inoculation,  the  liver  and  spleen  being  most  severely  affected. 

After  subcutaneous  inoculation  of  avian  bacilli  in  fowls,  the  general  results  are 
similar  to  those  obtained  by  feeding  ;  but,  in  addition  to  the  liver  and  spleen,  the 
lungs  may  exhibit  caseous  nodules. 

Intraperitoneal  inoculation  in  fowls  may  produce  similar  effects  to  those  of 
intravenous  inoculation  in  the  liver  and  spleen,  but  seems  to  be  less  certain  in  its 
results. 

Dead  avian  bacilli,  intravenously  inoculated,  exert  a  toxic  effect  upon  the  fowl, 
and  produce  more  damage  in  the  liver  and  spleen  than  in  other  organs. 

The  specimens  of  parrots  examined  show  that  these  birds  are  susceptible  to  the 
avian  bacillus,  administered  intravenously,  by  feeding,  or  by  intramuscular  inoculation, 
and  that  caseous  lesions  are  readily  produced. 

(2)  Calves. 

After  intravenous  inoculation,  rapidly  fatal  infection  is-  usually  produced  in  young 
calves  by  the  avian  bacillus.  It  is  associated  with  general  dissemination  and  very 
abundant  multiplication  of  the  bacilli  ;  but  there  is  relatively  little  tissue  destruction, 
and  there  is  an  absence  of  tubercle  formation.  These  results  resemble  the  condition 
found  in  young  calves  which  have  rapidly  succumbed  to  the  intravenous  inoculation 
of  mammalian  bacilli  possessing  low  virulence  for  the  bovine  when  inoculated 
subcutaneously.  But  the  a,vian  bacilli  multiply  even  more  profusely,  and  often  grow 
into  the  solid  colonies  and  rosettes  which  are  characteristic  of  this  bacillus. 

Apart  from  other  toxic  effects  which  may  have  been  associated  with  the  profuse 
growth  and  dissemination  of  the  avian  bacilli,  the  anatomical  condition  of  the  lungs 
of  the  calves  seems  to  have  been  sufficient  to  account  for  their  death.  To  the  naked 
eye  the  specimens  presented  extreme  oedema  with  patches  of  complete  consolidation, 
some  in  the  red  and  some  in  the  grey  stage.  These  grey  patches  were  sometimes 
surrounded  by  areas  in  the  red  stage,  but,  as  my  microscopic  examinatiojis  show, 
they  were  not  caseous  tubercles. 
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Though  the  total  amount  of  gross  tissue  destruction  was  small,  as  compared 
with  the  acute  disease  produced  by  highly  \irulent  mammalian  bacilli  after  sub- 
cutaneous inoculation  of  a  large  dose,  micrc:)scopic  axaminatiou  showed,  particularly 
in  the  liver,  that  rhe  tissue  cells  were  not  left  in  a  normal  condition.  The  livers  of 
Calves  524  and  544,  for  example,  when  stained  appropriately,  shfjwed  extensive 
damage  to  the  parenchymatous  cells. 

The  subcutaneous  inoculation  of  50  mg.  of  avian  culture  failed  to  produce  more 
than  a  mild  degree  of  general  dissemination,  and  in  some  cases  the  disease  appears  to 
have  been  almost  limited  to  the  nearest  glands.  The  disseminated  lesions  which  have 
been  found  were  usually  of  a  definitely  retrogressive  character,  and  bacilli,  when 
present  in  them,  were  rarely  numerous.  Caseation  and  giant  cell  formation  were 
not  uncommon,  and  the  general  structure  of  some  of  the  lesions  was  indistinguishable 
from  that  of  chronic  tubercles  produced  by  mammalian  bacilli. 

(o)  In  Rabbits. 

(1)  Intravenous  Inoculation. — Dead  avian  bacilli,  even  in  so  large  a  dose  as  50 
mg.,  were  rapidly  eliminated  ;  traces  of  their  presence  were  often  found  in  small  foci 
of  irritation,  more  particularly  in  the  lungs,  and  some  of  these  amounted  to  small, 
slightly  caseous  sites  indistinguishable  from  tubercles  produced  by  mammalian  bacilli. 
The  inoculation  of  a  very  small  dose  of  living  bacilli  caused  disseminated  tuberculosis 
of  a  chronic  and  relatively  mild  type,  the  lesions  being  discrete,  circumscribed,  and 
centrally  caseous.  When  a  larger  dose,  e.g.,  1  mg.,  was  inoculated,  rapidly  fatal 
disease  was  produced  ;  the  bacilli  became  disseminated  throughout  the  body  and 
grew  very  abundantly,  forming  numerous  colonies  and  rosettes  ;  the  amount  of  tissue 
destruction  on  the  whole  was  relatively  slight,  though  severe  irritant  effects  were 
sometimes  observed  in  the  lungs  ;  the  bacilli  showed  a  marked  tendency  to  intracel- 
lular growth,  and,  though  giant  cells  were  formed,  tubercles  of  the  discrete,  circum- 
scribed, caseous  type  were  rare. 

(2)  Feeding. — This  proved  a  much  less  severe  mode  of  infection.  Disseminated 
lesions  were  sometimes  found,  but  they  were  small  and  of  the  chronic,  caseous  type. 

(o)  Subcutaneous  Inoculation. — Disseminated  caseous  lesions  were  frequently 
produced,  and  were  sometimes  extensive  and  progressive,  though  usually  containing 
relatively  few  bacilli. 

(4)  Intraperitoneal  Inoculation. — General  dissemination  and  abundant  multipli- 
cation of  bacilli  resulted,  the  effects  being  similar  to  those  produced  by  iiitra^  enous 
inoculation. 

(4)  In  Minheijs. 

Intravenous  inoculations  of  avian  bacilli  have  usually  p>roved  fatal  to  these 
animals.  In  the  tissues  of  one,  inoculated  with  I  mg.  of  culture,  bacilli  were 
scanty  and  only  a  few  lesions  were  definitely  attributable  to  their  presence. 
But  in  the  animals  inoculated  with  larger  doses  (10  to  100  mg.)  the  bacilli 
multiplied  very  abundantly  and  often  grew  into  typical  rosettes,  ])articularly  in 
the  liver  and  spleen  ;  the  amount  of  tissue  damage  was  relati\'ely  small,  and 
there  was  no  formation  of  tubercles.  The  general  features  of  the  tissues  resembled 
those  produced  in  rabbits  after  intravenous  inoculation  with  avian  bacdli.  In  the 
monkey,  as  in  the  rabbit  and  fowl,  the  liver  and  spleen  were  found  to  be  more 
favourable  sites  than  the  lungs  for  the  profuse  multiplication  of  the  avian  bacillus. 

With  one  exception,  Monkey  118,  monkeys  ]iroved  highly  resistant  to 
subcutaneous  inoculation  of  avian  viruses. 

(5)  In  Sivine. 

Intravenous  inoculation  of  avian  bacilli  produced  general  dissemination  and 
enormous  multiplication  of  bacilli,  with  relatively  little  tissue  destruction. 

Intraperitoneal  inoculation,  in  one  case,  produced  a  similar  result,  but  with 
rather  less  copious  multiplication  of  bacilli. 

The  subcutaneous  inoculation  of  50  mg.  of  culture  produced  in  Pig  180  general 
dissemination  with  relatively  little  tissue  destruction  ;  the  bacilli  were  not 
particularly  numerous  except  in  a  mesenteric  gland,  where  they  were  very 
abundant  and  had  formed  typical  rosettes.  But  after  an  identical  experiment  on 
Pig  264  neither  lesions  nor  bacilli  were  found  in  the  tissues  examined. 

Feeding  with  100  mg,  produced  in  Pig  178  general  dissemination  and  enormous 
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multiplication  of  bacilli,  the  result  resembling  the  effect  of  an  intravenous  inoculation. 
But  feeding  with  large  doses,  7  whole  cultures  in  the  one  case  and  50  mg,  in  the 
other,  produced  very  little  evidence  of  dissemination  in  Pigs  110  and  176. 

(6)  In  Guinea-pigs. 

The  tissues  of  these  animals,  of  which  seven  were  examined  histologically, 
proved  highly  resistant  to  avian  viruses,  both  after  subcutaneous  and  after  intra- 
peritoneal inoculation.  There  was  frequently  evidence  of  dissemination  ;  but  the 
lesions,  though  sometimes  caseous,  were  not,  on  the  whole,  typical  of  tuberculosis, 
and  the  bacilli  generally  seemed  unable  to  multiply  or  retain  their  vitality.  But  in 
some  cases  inoculation  was  followed  by  death  at  a  comparatively  early  period  ;  and 
the  evidence  of  irritant  or  necrotic  change  in  the  liver  suggested  that  the  bacilli 
may  have  exerted  a  toxic  effect. 

(7)  In  Goats. 

Intravenous  inoculation  of  avian  viruses  produced  death  with  general  dissemi- 
nation and  abundant  multiplication  of  bacilli,  but  with  no  tubercle  formation  and 
very  little  tissue  damage. 

After  subcutaneous  inoculation  the  results  were  irregular.  After  50  mg.  no 
evidence  of  dissemination  was  found  in  the  specimens  of  Goat  42  ;  in  Goat  36,  after 
10  mg.,  some  chronic,  caseous  tubercles  were  present  in  the  lungs  ;  and  in  Goat  48, 
after  50  mg.,  there  was  general  dissemination  and  abundant  multiplication  of  bacilli. 
The  lungs  of  this  last  animal  contained  large,  ^progressive,  caseous  lesions,  but  in  the 
other  organs  the  amount  of  tissue  destruction  was  small  and  there  were  no  tubercles  ; 
the  bacilli  formed  typical  rosettes. 

(8)    In  other  Mammals. 

Ponies. — After  subcutaneous  inoculation  and  after  feeding  there  was  very  little 
evidence  of  dissemination.  Fifteen  days  after  intravenous  inoculation  with  10  mg. 
Pony  32  showed  general  dissemination  of  bacilli  in  small  numbers  ;  but  the  bacilli 
showed  no  sign  of  multiplication  or  of  producing  progressive  disease. 

Dogs. — After  a  subcutaneous  dose  of  25  mg.  there  were  a  few  slight,  retrogressive 
lesions  in  the  lungs  and  liver  of  Dog  122  ;  bacilli  were  rare.  After  an  intravenous 
dose  of  40  mg.  the  bacilli  almost  entirely  disappeared  from  Dog  162,  and  left  behind 
only  minute,  retrogressive  lesions. 

Cat  62. — In  this  animal,  after  an  intraperitoneal  dose  of  1  mg.,  the  tissues  were 
swarming  with  bacilli,  which  had  produced  very  little  tissue  damage. 

Iiats  and  Mice. — In  many  cases  the  bacilli  have  multiplied  very  abundantly  in 
the  tissues  of  these  animals,  but  without  the  production  of  tubercles. 

The  Cultural  Characters  of  Avian  Viruses. 

All  the  cultures  raised  from  origmal  avian  material,  as  well  as  the  avian  viruses 
from  swine,  were  practically  identical,  presenting  in  common  the  characteristics  of : — 
very  poor  growth  on  pure  serum  ;  copious  growth  on  glycerinated  serum  ;  refusal  to 
spread  from  a  sloping  surface  of  glycerinated  serum  on  to  the  surface  of  broth,  but  the 
formation  of  powdery  growth  at  the  bottom  of  the  broth  ;  copious,  pale,  slimy  growth 
on  glycerin-agar  ;  abundant,  pigmented  growth  on  potato  ;  in  films  examined 
microscopically,  a  free  separation  of  the  bacilli  (to  be  contrasted  with  the  glueing 
together  of  mammalian  bacilli),  a  marked  prevalence  of  very  short  forms  in  some 
cultures,  and  a  marked  pleomorphism,  with  not  infrequent  branching,  in  others. 

Four  strains,  originally  obtained  from  birds  but  recovered  after  residence  of  the 
bacilli  in  mammals,  presented  the  mammalian  characters  of  Grades  II  and  III. 


GENERAL   CONCLUSIONS.  ' 

In  the  present  Report  I  have  extended  my  range  of  observations  on  human 
and  animal  tuberculosis.  Putting  together  the  work  contained  in  this  and  in  my 
previous   Report,  and  referring  only  to  tuberculosis  caused  by  the  mammalian 
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bacillus,  I  have  investigated,  either  histologically  or  culturally  and  in  the  great 
majority  of  cases  by  both  methods,  the  viruses  derived  from  221  different  cases  of 
the  spontaneously  contracted  disease.  These  consist  of  30  viruses  obtained  from 
bovines,  130  from  human  beings,  53  from  swhie,  and  eight  from  other  animals.  The 
bacteriological  part  of  the  investigation  deals  with  the  cultural  characters  of  bacilli 
obtained  directly  from  the  original  material  and  also  with  the  cultural  characters  of 
the  bacilli  recovered  after  residence  in  experimental  animals.  It  comprises  a  study, 
on  various  differential  media,  of  each  of  447  strains  of  bacilli,  108  of  these  strains 
being  ultimately  derived  from  bovines,  250  from  human  beings,  58  from  swine,  and 
30  from  other  animals.  The  histological  part  of  the  investigation  deals  with  the 
tissues  of  777  animals  experimentally  infected,  viz.,  236  animals  infected  with  bovine 
viruses,  409  with  human  viruses,  50  with  swine  viruses,  and  82  with  viruses  derived 
from  other  animals.  The  animals  yielding  cultures  for  the  bacteriological  work  and 
tissues  for  histological  investigation  were : — bovines,  rabbits,  rhesus  monkeys, 
chimpanzees,  baboons,  lemurs,  swine,  guinea-pigs,  goats,  dogs,  cats,  rats,  mice, 
horses,  fowls,  and  parrots. 

I  have  also  investigated  the  bacteriological  characteristics  of  various  strains  of 
avian  tubercle  bacilli,  and  have  studied  the  histological  changes  produced  by  these 
bacilli  upon  the  tissues  of  birds  and  various  mammals. 

I  have  thus  had  the  opportunity  for  comparing  tuberculosis  caused  by  the 
mammalian  bacillus  with  tuberculosis  caused  by  the  avian  bacillus. 

My  observations  lead  me  to  the  following  conclusions  : — 

1.  Comparing  mammalian  tubercle  bacilli  of  known  human  origin  with 
mammalian  tubercle  bacilli  of  known  origin  from  spontaneous  disease  in  other 
animals,  I  find  that  in  every  instance  the  bacilli  of  origin  from  animals  other  than 
man  are  identical  culturally,  microscopically,  and  in  their  effects  upon  the  tissues  of 
experimental  animals,  with  bacilli  from  certain  cases  of  tuberculosis  in  the  human 
subject. 

2.  Referring  to  the  anatomical  origins  of  the  human  viruses  which  I  have 
investigated,  I  call  attention  to  the  fact  that  in  all  parts  of  the  human  body,  and  in 
human  sputum,  collected  with  due  precautions  to  avoid  contamination  through 
food,  tubercle  bacilli  have  been  found  which  culturally  and  in  histological  effects  are 
identical  in  every  respect  with  the  tubercle  bacillus  commonly  present  in  the  bodies 
of  tuberculous  cattle  and  swine. 

3.  I  have  found  that  many  of  the  viruses  of  human  origin  grow  with  greater 
cultural  luxuriance  and  produce  less  histological  damage  in  the  organs  of  certain 
experimental  animals  than  the  bacilli  commonly  obtained  fi'om  cattle  and  swine. 

4.  In  the  majoiity  of  cases  my  examinations  of  the  cultures  and  the  animal 
tissues  which  I  have  received  at  different  stages  during  a  protracted  series  of 
experiments  with  the  same  virus  have  shown  that  the  original  characteristics  of  the 
virus  were  remarkably  stable. 

5.  Hence,  to  such  extent  as  it  may  be  supposed  that  such  series  of  experiment? 
are  comparable  to  what  takes  place  in  a  human  body  infected  with  tubercle  bacilli, 
my  results  support  the  view  that  changes  in  the  characteristics  of  a  virus  do  not 
readily  or  rapidly  take  place  in  the  human  body. 

6.  But  I  have,  in  addition,  examined  certain  other  viruses  which,  in  respect  of 
the  details  on  which  I  have  reported,  hold  an  intermediate  position  between  the 
viruses  usually  obtained  from  human  sources,  and  those  of  common  animal  origin. 

7.  Owing  to  the  existence  of  these  intermediate  viruses,  I  find  it  impossible  to 
class  all  the  strains  of  mammalian  tubercle  bacilli  which  I  have  investigated  as 
belonging  to  one  of  two  stable  types. 

8.  Another  significant  feature  of  these  intermediate  viruses  is  that  they  serve 
to  bridge  the  apparent  gap  between  the  viruses,  on  the  one  hand,  which  produce 
acute  tissue  destruction  in  the  bovine  and  rabbit,  and  are  of  relatively  scanty  growth 
on  culture  media,  and  those  viruses,  on  the  other  hand,  which  produce  less  tissue 
damage  in  the  bovine  and  rabbit  and  grow  more  luxuriantly  on  artificial  media. 

9.  I  find  that  underlying  all  the  mammalian  viruses  which  I  have  investigated 
there  is  an  essential  unity  of  characteristics,  the  differences  observed  being  differences 
of  degree  but  not  of  kind.  On  artificial  culture  media  they  all  grow  in  the  same 
way,  though  they  differ  quantitatively  in  the  amount  of  growth  yielded.  In  the 
tissues  of  suitable  experimental  animals  they  all  produce  lesions  histologically 
characteristic  of  mammalian  tuberculosis,  though  they  differ  in  the  intensity  of  the 
tissue  changes  which  they  set  up  under  similar  experimental  conditions. 
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10.  Comparing  the  mammalian  with  the  avian  viruses,  I  find  that  there  are 
differences  not  merely  of  degree  but  of  kind. 

11.  On  appropriate  culture  media  the  growth  of  the  avian  bacillus  can  be 
distinguished  without  hesitation  from  the  growth  of  the  mammalian  bacillus. 

12.  Comparing  the  results  of  similar  experiments  performed  under  suitable 
conditions  upon  suitable  animals,  I  find  that  microscopic  examination  of  the  tissues 
unmistakably  distinguishes  infections  due  to  avian  bacilli  from  infections  due  to 
mammalian  bacilli. 

13.  It  is,  however,  not  possible  in  the  tissues  of  all  animals,  under  all 
experimental  conditions,  to  distinguish  with  certainty  under  the  microscope  lesions 
due  to  avian  bacilli  from  lesions  due  to  mammalian  bacilli.  It  is  sometimes  found 
that  in  the  tissues  of  mammals  the  avian  bacillus  produces  tubercles  of  a  chronic 
type  which  are  indistinguishable  from  tubercles  produced  by  mammalian  bacilli. 
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COMPARATIVE  HISTOLOGY. 


A.-ADDITIONAL  OBSERVATIONS   ON   LESIONS   PRODUCED  BY  BOVINE 

VIRUSES. 


I.-IMMUNITY  EXPERIMENTS  ON  BOVINES. 


(a)  TESTS  ON  VACCINATED  CALVES. 


In  these  experiments,  made  by  Drs.  A.  S.  and 
F.  Griffith,  calves  were  vaccinated  either  (1)  with 
a  small  dose  of  bovine  bacilli,  or  (2)  with  larger 
amounts  of  human  bacilli  possessing  relatively  low 


vu'ulence  for  the  bovine  ;  the  resistance  of  the 
vaccinated  animals  was  then  tested  by  subcutaneous 
inoculation  with  50  mg.  of  culture  of  the  bovine 
virus  B  XXVI. 


(1.) 

VIRUS-B  XXVI. 
Animal  Inoculated.— Calf  414. 


Calf  414  was  inoculated  subcutaneously  (1)  with 
•001  mg.  of  culture  of  B  XXVI,  (2)  51  days  after- 
wards with  50  mg.  of  culture  of  the  same  virus.  The 
animal  died  93  days  after  the  second  inoculation. 

Limgs. 

Specimens  from  two  portions  of  the  lungs  have 
been  examined.  They  show  patches  of  oedema  and 
capillary  congestion,  but  no  tubercle  bacilli  and  no 
lesions  in  the  least  suggestive  of  tuberculosis. 

Liver. 

There  is  one  doubtful  lesion  containing  many  fibro- 


blasts, but  neither  definite  tubercles  nor  tubercle 
bacilli  have  been  found. 


Kidneys  and  Sideen. 

No  tubercle  bacilli  or  lesions  suggestive  of  tuber- 
culosis are  present  in  the  specimens  examined. 

Prescajndar  Gland. 

The  specimen  contains  advanced  caseo-calcareous 
lesions  with  giant  cells.    Tubercle  bacilli  are  scanty. 


Summary. 

In  the  specimens  examined  there  is  no  evidence  that  bacilli  have  been  disseminated  beyond  the  nearest 
glands,  and  there  is  no  indication  of  the  cause  of  death. 


(2.) 

VIRUS-B  XXVI. 
Animal  Inoculated.— Calf  416. 


Calf  416  was  inoculated  subcutaneously  (1)  with 
•001  mg.  of  culture  of  B  XXVI  and  (2)  52  days 
subsequently  with  50  mg.  of  culture  of  the  same 
virus.  The  animal  was  killed  when  in  good  health 
89  days  after  the  second  inoculation. 

Lunys. 

The  tissue  contains  several  small  consolidated 
patches  which  are  slightly  caseous  and  contain  some 
giant  cells.  They  have  not  a  well  marked  boundary 
layer  but  are  irregularly  infiltrated  with  lymphocytes, 
leucocytes,  and  plasma  cells.    Bacilli  are  scanty. 


The  lesions  canaot  be  definitely  pronounced  retro- 
gressive, but  the  rarity  of  bacilli  and  the  absence  of 
any  extensive  tissue  destruction  are  indications  that 
they  are  not  actively  progressive.   No  fibrin  is  present. 

Liver,  Kidneys,  and  Splecii. 

No  lesions  or  bacilli  have  been  found  in  the  speci- 
mens examined. 

Mediastinal  Gland. 
Caseous  tubei'cles  are  present.    Some  of  them  have 
a  well  defined  fibrous  margin  and  are  commencing  to 
calcify.    Bacilli  are  scanty. 


Summary. 

Tubercles  are  present  in  the  lungs  and  mediastinal  gland  but  do  not  appear  to  be  progressive.  None  have 
been  found  in  the  other  tissues  examined. 
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(3.) 

fH  54.  C.W. 

VIRUSES- J  H  8.  S.C. 
I 

LB  XXVI. 
Animal  Inoculated.— Calf  923. 


Calf  923  received  the  following  subcutaneous 
inoculations  :—(!)  10  mg.  of  H  54.  C.W.  ;  (2)  181 
days  afterwards,  50  mg.  of  H  8.  S.C.  ;  (3)  244  days 
after  the  first  inoculation,  50  mg.  of  B  XXVI.  The 
animal  died  36  days  after  the  last  inoculation. 

Lungs. 

The  tissue  is  in  a  condition  of  patchy,  tubercular 
pneumonia.  The  caseating  areas,  though  large  and 
irregular,  are  very  conspicuously  surrounded  by 
and  permeated  with  plasma  cells  and  lymphocytes. 
There  is  also  an  abundant  leucocytosis.  Bacilli  are 
moderately  numerous,  but  nowhere  occur  in  large 
groups  ;  many  of  them  are  notably  long.  Though 
the  disease  is  severe,  there  is  a  well-marked  effort 
at  resistance. 


Liver. 

In  the  specimen  examined  only  one  tubercle  has 
been  found.  This  is  very  minute,  slightly  caseous, 
and  contains  two  bacilli. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Mediastinal  Gland, 

Tubercle  bacilli  are  scattered,  singly,  in  many  parts 
of  the  tissue.  There  are  several  caseous  foci  and 
there  is  a  tendency  to  fibroid  transformation  in  the 
tissue  surrounding  these  areas. 


Summary. 

The  lungs  are  severely  affected,  though  they  show  some  effort  at  conservative  change.  There  is  relatively 
little  disease  in  the  other  tissues  examined. 


(4.) 

fH  54.  C.W. 

VIRUSES--!  H  8.  S.C. 

Ib  XXVI. 
Animal  Inoculated.— Calf  925. 


'  Calf  925  received  the  following  subcutaneous  inocu- 
lations :— (1)  10  mg.  of  culture  of  H  54.    C.W.  ; 

(2)  181  days  later,  40  mg.  of  culture  of  H  8.  S.C; 

(3)  244  days  after  the  first  inoculation,  50  mg.  of 
culture  of  B  XXVI.  The  animal  was  killed  when 
in  good  health  90  days  after  the  last  inoculation. 


Specimens  have  been  examined  of  two  por- 
tions of  lung,  liver,  and  kidney,  and  also  one 
portion  of  the  spleen  and  a  mesenteric  gland. 
No  tubercles  or  tubercle  bacilli  have  been 
found. 


Summary. 

The  animal  appears  to  have  been  completely  immunised. 


(5.) 


H  8.  S.C. 

VIRUSES- 

B  XXVI. 


Animal  Inoculated.— Calf  1017. 


Calf  1017  was  first  inoculated  intravenously  with 
10  mg.  of  culture  of  H  8  S.C,  and  63  days  after- 
wards was  inoculated  subcutaneously  with  50  mg.  of 
culture  of  B  XXVI.  The  animal  was  killed  95  days 
after  the  second  inoculation. 

Lungs,  Liver,  Kidneys,  Spleen. 
Nojtubercles  or  tubercle  bacilli  have  been  found  in 


the  lungs,  liver,  kidneys  (2  specimens  of  each  tissue) 
or  in  the  spleen  (one  specimen). 


Cervical  Gland. 

There  is  a  caseo-cg,lcareou8  tubercle  surrounded  by 
a  broad  fibrous  zone  and  containing  many  giant  cells. 
Bacilli  are  present  in  it  but  are  very  rare. 


Summary. 

Except  the  cervical  gland  none  of  the  tissues  examined  show  evidence  of  tuberculosis. 
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VIRUSES- 


H  8.  S.C. 


B  XXVI. 
Animal  Inoculated.— Calf  1023. 


Calf  1023  was  first  inoculated  subcutaneously  with 
50  mg.  of  culture  of  H  8.  S.C,  and  63  days  afterwards 
was  inoculated  subcutaneously  with  50  mg.  of  culture 
of  B  XXVI.  The  animal  was  killed  92  days  after 
the  second  inoculation. 

Lungs. 

In  two  specimens,  taken  from  different  parts  of  the 
lungs,  several  consolidated  foci  have  been  found.  In 
one  of  these  there  is  a  caseous  patch  which  is  com- 
mencing to  calcify.  In  this  caseous  material  numerous 
bacilli  are  present.  The  majority  of  the  lesions  are 
not  caseous,  but  contain  many  giant  cells  and  fibro- 
blasts, together  with  a  sprinkling  of  leucocytes ; 
tubercle  bacilli  are  present  in  most  of  them  but  are 
rare.  These  tubercles  are  not  surrounded  by  a 
definite  layer  of  fibrous  tissue,  but  from  their  general 
characters,  viz.,  tendency  to  fibroid  change,  frequency 
of  giant  cells,  and  rarity  of  bacilli,  they  appear  to  be 
retrogressive. 


Liver. 

In  the  two  different  specimens  which  have  been 
examined  no  lesions  or  bacilli  have  been  found. 

Kidneys. 

No  lesions  have  been  found,  but  a  small  group  of 
bacilli  is  present  within  one  glomerulus. 


Siileen. 

No  lesions  or  bacilli  have  been  found. 

Bronchial  Gland. 

There  are  several  small  patches  which  are  slightly 
caseous  and  contain  many  giant  cells.  Bacilli  are 
present  in  these  areas  but  are  scanty. 


Summary, 

In  the  lungs  several  retrogressive  lesions  are  present ;  in  one  caseous  focus,  however,  bacilli  are  numerous. 
There  is  very  little  evidence  of  dissemination  elsewhere. 


VIRUSES-- 


(7.) 

rH8.  S.C. 


1b  XXVI. 
Animal  Inoculated.— Calf  1025. 


Calf  1025  was  first  inoculated  subcutaneously  with 
50  mg.  of  culture  of  H  8.  S.C,  and  63  days  after- 
wards was  inoculated  subcutaneously  with  50  mg.  of 
culture  of  B  XXVI.  The  animal  was  killed  91  days 
after  the  second  inoculation. 

Lungs, 

Two  specimens  have  been  examined  and  in  both  of 
them  caseous  lesions  are  present.  Surrounding  the 
completely  necrotic  foci  there  are  broad  areas  of 
consolidated  tissue  which  are  characterised  by  the 
presence  of  (1)  numerous  giant  cells,  (2)  many  newly 
formed  capillaries  containing  red  corpuscles,  (3)  an 
abundant  infiltration  of  plasma  cells,  and  (4)  aggrega- 


tions of  oxyphil  leucocytes.    At  the  periphery  of  the 
tubercles  there  is  a  zone  of  fibroblasts. 
Tubercle  bacilli  are  present  but  are  very  rare. 

Liver,  Kidneys,  Spleen. 

In  the  liver  (two  specimens),  kidneys  (two  speci- 
mens), and  spleen  (one  specimen)  neither  tubercles 
nor  tubercle  bacilli  have  been  found. 

Bronchial  Gland. 

Ramifying,  caseous  tubercles  are  present,  and  there 
are  numerous  giant  cells.    Bacilli  are  rare. 


Summary. 

Fairly  extensive  caseous  tubercles,  of  the  chronic  type  and  containing  very  few  bacilli,  are  present  in  the 
lungs  and  bronchial  glands.    No  lesions  have  been  found  elsewhere. 


(8.) 

H  8.  S.C. 

B  XXVI. 

Animal  Inoculated.— Calf  1027. 


VIRUSES- 


Calf  1027  was  first  inoculated  intravenously  with 
10  mg.  of  culture  of  H  8.  S.C.  and  63  days  after- 
wards was  inoculated  subcutaneously  with  50  mg.  of 
culture  of  B  XXVI.  The  animal  died  46  days  after 
the  second  inoculation. 

Lungs. 

In  general  appearance  the  lungs  are  in  the  condi- 


tion which  is  usually  produced  by  subcutaneous  inocu- 
lation of  a  large  dose  of  a  virulent  virus.  There 
are  large  ramifying  caseous  areas,  and  there  is  an 
abundant  fibrinous  deposit  ;  no  giant  cells  are  present, 
and  there  is  no  evidence  that  the  development  of  the 
lesions  is  being  arrested.  Plasma  cells  are  very 
abundant  at  the  periphery  of  some  of  the  caseous 
tracts,  perhaps  more  abundant  than  is  usual  in  acute 
infections.    Tubercle  bacilli  are  numerous  and  vary 
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in  length  from  about  2  to  4  fi.  Many  of  them  are 
curved.    Beading  is  not  common. 

Liver. 

Small,  necrotic  tubercles  are  present  but  are  not 
numerous.  They  are  generally  without  any  definite 
boundary  zone,  and  some  of  them  contain  a  fibrinous 
deposit.    Bacilli  are  scanty. 


Kidneys. 

A  few  caseous  tubercles  are  present.  They  con- 
tain no  fibrin.    Bacilli  are  moderately  numerous. 


Popliteal  Gland. 

A  few  small,  caseous  foci  are  present, 
not  numerous. 


Bacilli  are 


Summary. 

Disseminated  tuberculosis,  with  severe  incidence  on  the  lungs.  In  other  organs  there  is  less  evidence 
of  acute  disease  than  is  usual  with  non-vaccinated  calves  after  subcutaneous  inoculation  of  50  mg.  of 
virulent  culture. 


(9.) 
j-H  8.  S.C. 

VIRUSES- ■{  H  56.  F.T. 

I 

LB  XXVI. 
Animal  Inoculated.— Calf  1033. 


Oalf  1033  received  the  following  inoculations  : — 

(1)  50  mg.,  subcutaneously,  of  culture  of  H  8.    S.C. ; 

(2)  55  days  afterwards,  50  mg.,  intravenously,  of 
culture  of  H  56.  F.T.  ;  (3)  114  days  after  the  first 
inoculation,  50  mg.,  subcutaneously,  of  culture  of 
B  XXVI.  The  animal  was  killed  when  in  good 
health  90  days  after  the  last  inoculation. 

Lungs. 

In  the  specimen  examined  there  is  a  large  tubercle 
which  contains  numerous  giant  cells  and  is  slightly 


caseous.  It  is  abundantly  infiltrated  with  lympho- 
cytes, both  small  and  large.    Bacilli  are  scanty. 

Liver,  Kidneys,  ami  Spleen. 

No  tubercles  or  tubercle  bacilli  have  been  found  in 
these  organs,  but  there  is  some  interstitial  infiltration 
in  the  kidneys. 

Prescapular  Gland. 

In  the  specimen  examined  there  are  a  few  minute 
lesions  containing  a  few  bacilli. 


Summary. 

A  few  non-progressive  tubercles  are  present  in  the  lungs,  but  there  is  no  evidence  of  dissemination  in 
other  organs. 


(10.) 
fH  8.  S.C. 

VIRUSES- <i'  H  56.  F.T. 

[b  XXVI. 
Animal  Inoculated.— Calf  1035. 


Calf  1035  received  the  following  inoculations  : — 

(1)  subcutaneously,  50  mg.  of  culture  of  H  8.    S.C.  ; 

(2)  intravenously,  55  days  afterwards,  50  mg.  of 
culture  of  H  56.  F.T. ;  (3)  subcutaneously,  114 
days  after  the  first  inoculation,  50  mg.  of  culture  of 
B  XXVI.  The  animal  was  killed  when  in  good 
health  91  days  after  the  last  inoculation. 


Lungs. 

In  the  specimen  examined  there  is  a  large  consoli- 
dated patch  which  is  partially  caseous  and  contains 


some  giant  cells.  Bacilli  are  scanty,  but  the  con- 
solidated area  has  no  definite  boundary  zone  and 
appears  to  be  progressive.  There  is  some  evidence  of 
fibrin. 

Liver,  Kidneys,  and  Spleen. 


In  the  specimens  examined 
bacilli  have  been  found. 


neither  lesions  nor 


Bronchial  Gland. 

A  few  caseous  patches  are  present,  but  no  bacilli 
have  been  found  in  them. 


summary. 


The  lungs  contain  consolidated  areas  of  considerable  size,  which  do  not  appear  to  be  retrogressive, 
lesions  or  bacilli  have  been  found  in  the  specimens  of  liver,  kidneys,  and  spleen. 


No 


(11.) 

H  8.  S.C. 

,B  XXVI. 
Animal  Inoculated.— Calf  1039. 


VIRUSES 


-I; 


Calf  1039  was  inoculated  (1)  intravenously,  with  63  days  later,  with  1  mg.  of  culture  of  B  XXVI, 
10  mg.  of  culture  of  H  8.  S.C,  (2)  subcutaneously,     (3)  subcutaneously,  114  days  after  the  first  inoculation, 


HisTOLOGv — Bovine  Vieuses  in  Bovines. 


31 


with  50  mg.  of  culture  of  B  XXVI.  The  animal 
was  killed  when  in  good  health  93  days  after  the  last 
inoculation. 

Lungs. 

Specimens  from  two  different  parts  of  the  lungs 
show  small,  caseo  -  calcareous  tubercles  which  are 
completely  avascular  and  have  a  well-marked  peri- 
pheral zone  in  which  fibroblasts  are  plentiful. 
Some  giant  cells  are  present.  Tubercle  bacilli  are 
fairly  abundant  in  the  caseous  areas  of  the  tubercles. 


Liver,  Kidneys,  and  Spleen. 

In  the  specimens  examined  no  lesions  or  bacilli 
have  been  found. 


Prescapidar  Gland. 

There  are  several  caseo-calcareous  tubercles,  and 
giant  cells  are  plentiful.  The  tubercles  have  gener- 
ally a  well-marked  peripheral  zone.  Bacilli  are  fairly 
numerous. 


Sdmmaby. 

In  the  lungs  there  are  some  caseous  tubercles  of  an  evidently  chronic  type  but  still  containing  bacilli 
in  fairly  large  numbers.  No  evidence  of  dissemination  has  been  found  in  the  specimens  of  liver,  kidney, 
or  spleen. 


(12.) 

fH  8.  S.C. 
VIRUSES-  \ 

1  B  XXVI. 

Animal  Inoculated.— Calf  1043. 


Calf   1043  received   the  following  inoculations. 

(1)  10  mg.,  intravenously,  of  culture  of  H  8.    S.C.  ; 

(2)  63  days  afterwards,  1  mg.,  subcutaneously,  of 
culture  of  B  XXVI  ;  (3)  51  days  after  the  second 
inoculation,  50  mg.,  subcutaneously,  of  culture  of 
B  XXVI.  The  animal  died,  apparently  from  diar- 
rhoea, 53  days  after  the  last  inoculation. 

Lu7igs. 

Two  specimens  have  been  examined.  In  one  there 
is  some  congestion  and  general  thickening  of  the 
alveolar  walls,  but  no  tubercles  or  tubercle  bacilli. 
In  the  other  there  is  an  area  of  incomplete  consolidation 
which  contains  a  few  caseous  patclies.  Throughout 
this   area   tubercle  bacilli  are  scattered,  and  some 


rather  large  groups  are  present.  There  is  an  infiltration 
of  leucocytes  and  lymphocytes  but  very  little  evidence 
of  fibrous  tissue  formation.  There  is  no  indication 
that  this  lesion  is  in  a  retrogressive  condition. 

Liver,  Kidneys. 

In  two  specimens  of  each  of  these  organs  neither 
tubercles  nor  tubercle  bacilli  have  been  found. 


Bronchial  Gland. 

A  few  small  caseous  patches  are  present,  containing 
giant  cells  and  small  numbers  of  bacilli. 


Summary. 

There  is  some  infection  of  the  lungs,  which  is  apparently  not  quiescent,  but  very  little  sign  of 
dissemination  elsewhere. 


(b)  CONTROL  EXPERIMENTS  WITH  B  XXVI. 


The  virus  B  XXVI  proved  to  be  of  high  virulence 
when  inoculated  subcutaneously  into  two  very  young 
calves  (age  about  4  weeks)  with  a  dose  of  50  mg. 
Both  these  animals  died  from  generalised  tuberculosis, 
one  in  76  days  and  the  other  in  44  days.  Two  older 
animals  were  also  used  as  controls,  their  age  being 


about  the  same  as  that  of  the  vaccinated  animals  at 
the  time  when  their  power  of  resistance  was  tested. 
I  have  made  the  following  observations  on  the 
histology  of  the  lesions  produced  in  these  two  latter 
animals  : — 


(1.) 

Animal  Inoculated.— Calf  474. 


Calf  474,  when  17  weeks  old,  was  inoculated  sub- 
cutaneously with  50  mg.  of  culture  of  B  XXVI,  and 
was  killed  in  good  health  92  days  afterwards. 

Lu7igs. 

There  are  numerous  consolidated  areas,  irregular  in 
outline  and  in  distribution,  which  are  partially  caseous 
and  contain  a  few  giant  cells.  Plasma  cells,  many  of 
them  passing  into  fibroblasts,  form  a  well  marked  layer 
at  the  periphery  of  these  areas  and  are  also  numerous 
in  their  interior.  Tubercle  bacilli  are  rather  scanty. 
There  are  some  remains  of  a  fibrinous  deposit.  Owing 
to  their  extent,  irregularity  of  outline,  and  the  large 
amount  of  caseous  deposit,  the  lesions  appear  to  be  pro- 
gressive ;  but  the  relative  scarcity  of  bacilli  and  the 


evident  attempts  at  the  formation  of  a  demarcation 
zone  indicate  that  they  are  only  slowly  progressive. 

Liver,  Kidneys,  and  Spleen. 

In  the  specimens  examined  no  tubercles  or  tubercle 
bacilli  have  been  found. 

Bronchial  Gland. 

The  gland  is  extensively  caseous  and  contains 
numerous  giant  cells.  The  lesions  are  evidently  pro- 
gressive, though  there  is  an  imperfect  layer  of  fibro- 
blasts at  the  periphery  of  some  of  them.  Bacilli  are 
moderately  numerous. 


Summary. 

Compared  with  the  usual  result  produced  by  50  mg.  of  a  virulent  virus,  the  amount  of  disease  is  slight  ; 
the  lungs  are  in  a  condition  of  slowly  progressive  tuberculosis. 
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(2.) 

Animal  Inoculated— Calf  476. 


Calf  476  was  Inoculated  subcutaneously,  when  19 
weeks  old,  with  50  mg.  of  culture  of  B  XXVI,  and 
died  57  days  afterwards. 

Lungs. 

The  tissue  is  nearly  completely  solidified,  contains 
irregular,  ramifying,  caseous,  and  necrotic  areas,  and 
shows  no  evidence  of  a  demarcation  zone  at  the 
periphery  of  the  tubercles.    Bacilli  are  abundant. 

Liver. 

Small,  miliary  tubercles  are  scattered  throughout 


the  tissue.  They  have  no  cellular  boundary  zone,  are 
devoid  of  giant  cells,  and  contain  moderately  numerous 
bacilli. 

Spleen. 

The  tissue  is  extensively  caseous  ;  the  lesions  show 
no  evidence  of  limitation  by  a  boundary  zone.  Bacilli 
are  fairly  numerous. 

Bronchial  Gland. 

The  tissue  is  almost  completely  replaced  by  caseous 
material  and  contains  large  numbers  of  bacilli. 


Summary. 

The  lesions  are  typical  of  acute,  fatal  infection. 


(c)  ANALYSIS  AND  COMPARISON  OF  RESULTS. 


When  the  virus  B  XXVI  was  compared  with  other 
viruses  of  bovine  origin,  by  testing  its  virulence  on 
young  calves  in  a  subcutaneous  dose  of  50  mg.  of 
culture,  fatal  tuberculosis  was  produced  in  both  the 
calves  used  for  the  experiment.  One  of  them  died  in 
76  days,  the  other  in  44  days.  The  virulence  of  this 
virus  may  therefore  be  regarded  as  typical  of  the 
bovine  bacillus. 

The  present  series  of  observations  provides  a 
further  illustration  of  the  fact,  to  which  attention 
was  drawn  in  my  previous  Report  (App.  to  2nd  Int. 
Rep.,  Vol.  IV.),  that  though  this  particular  test,  the 
subcutaneous  inoculation  into  very  young  calves  of  a 
dose  not  less  than  50  mg.,  gives  uniform  results, 
under  other  experimental  conditions  the  results  are 
much  less  uniform.  This  feature  is  exhibited  in  the 
following  parallel  series  : — 


Doses.—  - 


(c) 

(1)  10  mg.,  intravenously,  of  H  8.  S.C. 
(slightly  virulent). 

63  days  afterwards 

(2)  50  mg.,  subcutaneously,  of  B  XXVI. 


Age  op  Calves. — About  the  average. 

Calf  1017.  Calf  1027. 

Age. — 5  weeks. 

Killed,  in  good  health, 
95  days  after  the  second 
inoculation. 

The  tissues  examined 
are  almost  entirely  free 
from  disease. 


-6  weeks. 
Died  46  days  after  the 
second  inoculation. 

LuDgs  acutely  affected. 
Lesions  of  moderate 
severity  in  other  organs. 


(1)  Virulence  highly  irregular. 

(«) 

Dose. — 50  mg.,  subcutaneously,  of  B  XXVI. 
Age  of  Calves. — Above  the  average. 


Calf  474. 

Age. — 17  weeks. 

Killed,  "  when  well," 
92  days  after  inoculation. 

The  lungs  are  in  a  con- 
dition of  slowly  progres- 
sive tuberculosis.  Else- 
where the  amount  of 
disease  is  slight. 


Calf  476. 

Age. — 19  weeks. 

Died  57  days  after  in- 
oculation. 

The  lesions  in  all  the 
tissues  examined  are  typi- 
cal of  acute  fatal  infec- 
tion. 


(&) 

'(1)  lOmg.,  subcutaneously,  of  H  54  C.W. 
(slightly  virulent). 

181  days  afterwards 
Doses. —  \  (2)  50  mg.,  subcutaneously,  of  H  8  S.C. 
(slightly  virulent). 

63  days  afterwards 
_  (3)  50  mg.,  subcutaneously,  of  B  XXVI. 


Age  of  Calves.- 

Calf  923. 
Age. — 13  weeks. 
Died  36  days  after  the 
last  inoculation. 

Lungs  severely  affected. 
Relatively  little  disease  in 
the  other  tissues  examined. 


-Above  the  average. 

Calf  925. 
Age. — 13  weeks. 
Killed,  in  good  health, 
90  days  after  the  last 
inoculation. 

No  evidence  of  disease 
in  any  of  the  tissues  ex- 
amined. 


(2)  Virulence  less  irregular  or  uniform. 

(a) 

j'(l)  -001  mg.,  subcutaneously,  of  B  XXVI. 
Doses. —  <  51  days  afterwards 

( (2)  50  mg.,  subcutaneously,  of  B  XXVI. 

Age  of  Calves. — About  the  average. 

Calf  414.  Calf  416. 


Age. — 5  weeks. 

Died  (not  from  tuber- 
culosis), 93  days  after  the 
second  inoculation. 

The  tissues  examined 
show  no  evidence  of  dis- 
semination beyond  the 
nearest  glands. 


Age. — 5  weeks. 

Killed,  in  good  health, 
89  days  after  the  second 
inoculation. 

Tubercles,  not  actively 
progressive,  are  present  in 
the  lungs.  Very  little 
evidence  of  disease  else- 
where. 


DOSES.- 


(6) 

(1)  50  mg.,  subcutaneously,  of  H  8  S.C. 
(slightly  virulent). 

63  days  afterwards 
(  (2)  50  mg.,  subcutaneously,  of  B  XXVI. 

Age  of  Calves. — About  the  average. 


Calf  1023. 

Age. — 5  weeks. 

Killed,  in  good  health, 
92  days  after  the  second 
inoculation. 

Several  lesions,  probably 
retrogressive,  in  the  lungs. 
Very  little  evidence  of 
disease  elsewhere. 


Calf  1025. 

Age. — 8  weeks. 

Killed,  in  good  health, 
91  days  after  the  second 
inoculation. 

Chronic  caseous  tuber- 
cles in  the  lungs.  Very 
little  evidence  of  disease 
elsewhere. 
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Doses. — ■( 


(c) 

'(1)  50  mg.,  subcutaneously,  of  H  8  S.C. 
(slightly  virulent). 

55  days  afterwards 
(2)  50  mg.,  intravenously,  of   H  5G  F.T. 
I     (slightly  virulent), 
j  59  days  afterwards 

L(3)  50  mg.,  subcutaneously,  of  B  XXVI. 


Age  of  Calves. — Above  the  average. 


Calf  1033. 
Age. — 8  weeks. 

Killed,  in  good  health, 
90  days  after  the  last 
inoculation. 

A  few  non-progressive 
tubercles  in  the  lungs.  No 
evidence  of  dissemination 
in  the  other  tissues  ex- 
amined. 


Calf  1035. 
Age. — 12  weeks. 

Killed,  in  good  health, 
91  dajs  after  the  last 
Qoculation. 

The  luugs  contain 
lesions  which  are  of  con- 
siderable size,  aud  are  not 
definitely  retrogressive. 
Very  ittle  evidence  of 
disease  elsewhere. 


id) 

f(l)  10  mg.,  intravenously,  of  H  8  S.O. 
I     (slightly  virulent). 

T^^apc,  j  63  days  afterwards 

I  (2)  1  mg.,  subcutaneously,  of  B  XXVI. 
I  51  days  afterwards 

.  1(3)  50 mg.,  subcutaneously,  of  B  XXVI. 

Age  of  Calves. — Above  the  average. 


Calf  1039. 
Age. — 9  weeks. 

Killed,  in  good  health, 
93  days  after  the  last 
inoculation. 

The  lungs  show  tuber- 
cles which  are  of  a  chronic 
type,  but  contain  fairly 
numerous  bacilli.  Very 
little  evidence  of  disease 
elsewhere. 


Calf  1043. 
Age. — 11  weeks. 

Died,  apparently  from 
diarrhoea,  53  days  after 
the  last  inoculation. 

The  lungs  contain  some 
lesions  which  are  not 
definitely  retrogressive. 
Very  little  evidence  of 
disease  elsewhere. 


(d)  SUMMARY. 


My  histological  observations  support  the  following 
conclusions  : — 

(a)  Very  young  Calves. 

(1)  A  dose  of  50mg.  of  B  XXVI,  inoculated  sub- 
cutaneously, produces  fatal  tuberculosis  in  normal 
animals. 

(2)  The  subcutaneous  inoculation,  51  days  previ- 
ously, of  "001  mg.  of  B  XXVI  greatly  reduced  the 
susceptibility  of  two  calves,  each  5  weeks  old,  to  a 
dose  of  50  mg.  of  the  same  virus. 

(3)  An  equally  marked  reduction  in  susceptibility 
was  produced  in  two  calves,  one  5  and  the  other  8 
weeks  old,  by  the  previous  inoculation,  subcutaneously, 
of  50  mg.  of  a  human  virus  possessing  low  virulence 
for  the  bovine. 

(4)  When  the  same  slightly  virulent  virus  was 
introduced  intravenously,  in  a  dose  of  10  mg.,  into 
two  calves,  each  G  weeks  old,  the  results  were  unequal. 
One  animal  proved  highly  resistant  to  the  subse- 
quent test  inoculation  ;  the  other  succumbed  to  fatal 
infection. 

(h)  Older  Calves. 
(1)  A  dose  of  50  mg.  of   B  XXVI,  inoculated 


subcutaneously  into  two  normal  calves,  produced 
unequal  results,  the  infection  being  mild  in  one 
animal  (17  weeks  old)  and  rapidly  fatal  in  the  other 
(19  weeks  old). 

(2)  Previous  treatment  with  two  doses  of  slightly 
virulent  human  viruses  (50  mg.  subcutaneously,  fol- 
lowed by  50  mg.  intravenously)  rendered  two  calves 
(8  and  12  weeks  old)  much  less  susceptible  to  inocu- 
lation with  50  mg.  of  B  XXVI ;  but  the  increased 
resistance  was  not  more  marked  than  in  the  case  of  the 
two  younger  calves  (5  and  8  weeks  old)  which  received 
only  one  dose  of  slightly  virulent  bacilli  (5'J  mg. 
subcutaneously). 

(3)  Previous  treatment  with  10  mg.  of  slightly 
virulent  humau  bacilli  (intravenously),  followed  by  a 
second  vaccination  with  1  mg.  oC  B  XXVI  (subcuta- 
neously), increased  the  resistance  of  two  calves  (9  and 
11  weeks  old)  ;  but  the  increased  re-istance  was  not 
more  marked  than  in  the  case  <>f  the  two  younger 
calves  (each  5  weeks  old)  which  received  only  one 
vaccination  (-001  mg.  of  B  XXVI  suljcutaneously). 

(4)  Previous  treatment  witl'  two  protective  subcu- 
taneous doses  (10  mg.  followed  by  50  mg.)  of  slightly 
virulent  human  bacilli  produced  unequal  results  in  two 
calves,  each  a^ed  13  weeks.  One  showed  very  high 
resistance.    The  other  was  fatally  infected. 


II.-ADDITIONAL   OBSERVATIONS   ON  BOVINES. 

(1)  Early  Dissemination. 

B  XXIX. 


VIRUSES- 

"  B  XXX. 

Animal  Inoculated.— Ga If  438. 


Calf  438  was  inoculated  subcutaneously  with  44 
mg.  of  culture  of  B  XXIX  and  B  XXX,  and  was 
killed  twenty-four  hours  afterwards. 

In  two  different  portions  of  each  of  the  following 
organs  neither  lesions  nor  bacilli  have  been  found  : — 
lungs,  liver,  kidneys,  and  spleen.  The  examination 
of  a  bronchial,  a  portal,  and  a  popliteal  gland  also 
gave  negative  results. 


Local  Lesion. 

Bacilli  are  abundant,  and  there  is  a  dense  infiltration 
with  multinucleav  leucocytes. 

Prescapular  Gland. 
Bacilli  are  very  rare. 


Summary. 

There  is  no  evidence,  in  histological  sections,  of  dissemination  beyond  the  nearest  gland.  Drs.  A.  S. 
and  F.  Geiffitu  have,  however,  by  culture  and  inoculation  tests,  demonstrated  the  presence  of  bacilli  in  the 
blood,  lungs,  spleen,  liver,  kidneys,  marrow,  muscle,  and  a  popliteal  gland. 
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(2)  Cutayieous  Inoculation. 

vmus-B  XXVI. 

Animal  Inoculated.— Calf  466. 


Calf  466  received  a  cutaneous  inoculation  of  50  mg. 
of  culture  of  B  XXVI,  and  was  killed  139  days 
afterwards.* 

Lungs. 

There  are  a  few  slicrhtly  caseous  foci  which  contain 
several  giant  cells.  One  tubercle  bacillus  has  been 
found. 

Liver,  Kidneys,  and  Spleen. 
No  tubercles  or  bacilli  have  been  found. 


Gluteal  Gland. 

The  gland  is  extensively  caseous  and  contains 
calcareous  foci.  The  lesions  are  obviously  retro- 
gressive in  character.  One  or  two  tubercle  bacilli 
have  been  found. 

Shin. 

The  skin  at  the  site  of  inoculation  shows  chronic 
caseous  tubercles  with  numerous  giant  cells.  Bacilli 
are  very  scanty. 


Summary. 

It  appears  probable  that  very  few  bacilli  have  been  absorbed  through  the  skin. 


(3)  Cows  B,  C,  and  D. 


These  three  cows  were  affected  with  spontaneous 
tuberculosis,  but  their  udders  appeared  normal,  both 
during  life  and  at  the  post-mortem  examination. 
Tubercle  bacilli  were,  however,  shown  by  guinea-pig 
inoculations  to  be  present  in  the  milk  yielded  by  the 
first  two  cows. 


Histological  specimens  have  been  prepared  from 
each  of  the  four  quarters  of  each  udder.  In  none  of 
the  specimens  have  either  tubercle  bacilli  or  histo- 
logical tubercles  been  found. 

The  specimen  of  lung  from  Cow  D  shows  caseous 
tubercles  in  which  bacilli  are  rare. 


III.-LESIONS   IN  RABBITS. 


{a)  Early  Stages  of  the  Infective  Process  after  Subcutaneous  Inoculation. 


Dr.  F.  Griffith  inoculated  a  series  of  rabbits  sub- 
cutaneously,  over  the  scapula,  each  with  a  dose  of 
50  mg.  of  bovine  culture.  One  animal  was  killed  at 
each  of  the  following  intervals  after  inoculation  : — 
24  hours,  3  days,  6  days,  8  days,  and  14  days. 

Twenty-four  Hours. 

At  the  site  of  inoculation  (Rabbit  1542)  there  is  a 
dense  mass  of  bacilli.  At  the  margins  of  this  mass 
bacilli  are  more  loossly  scattered,  and  a  few  have  been 
found  amongst  the  fibres  of  the  subjacent  muscle,  but 
the  amount  of  dissemination  is  only  slight,  and  the  great 
bulk  of  the  inoculated  material  remains  as  a  compact 
lump  of  culture.  There  is  no  sign  of  vaso-dilation  ; 
the  number  of  blood-capillaries  is  scanty,  and  no  bacilli 
have  been  found  in  any  of  those  present.  The 
culture  mass  is  crowded  with  cells  which  are  almost 
entirely  leucocytes  ;  many  of  these  cells  have  lost 
theii-  granules,  and  loose  granules  are  found  scattered 
about.  Some  of  the  cells  are  filled  with  bacilli.  In 
addition  to  the  ordinary  multinuclear  form,  mono- 
nuclear oxyphil  leucocytes  are  frequent.  The  nuclei 
of  some  of  the  cells  stain  faintly,  aud  others  are 
broken  into  fragments.  Passing  Irom  the  central 
mass  of  bacilli  to  the  region  where  bacilli  are 
loosely  scattered,  leucocytes  are  very  abundant,  and 
the  great  majority  of  them  are  normal  in  appearance  ; 
a  few  of  them  contain  bacilli  ;  loose  bacilli  are  also 
found.  Completely  outside  the  zone  of  bacilli  leuco- 
cytes are  still  very  plentiful ;  these  cells  seem  to  be 
converging  towards  the  bacilli  from  all  directions. 
Some  of  the  bacilli  are  distinctly  longer  than  serum 
grown  bacilli,  and  a  few  are  beaded  or  irregularly 
stained. 

Specimens  have  been  searched  of  lung,  liver,  kidney, 
and  spleen,  but  no  bacilli  have  been  found. 


Three  Days. 

The  centre  of  the  inoculated  materiil  (Rabbit  1543) 
consists  of  a  dense  mass  of  bacilli.  External  to  this  mass 
bacilli  are  loosely  scattered  in  greater  numbers  than  in 
the  former  specimen,  but  not  many  have  penetrated 
into  the  muscular  tissue.  Blood-vessels  are  scanty  and 
not  dilated  ;  no  bacilli  have  been  found  in  them. 
Leucocytes  are  abundant  in  the  mass  of  culture,  but 
show  more  complete  loss  of  granulation  and  more 
disruption  of  their  nuclei  than  in  the  former  specimen. 
Throughout  the  areas  of  loosely  scattered  bacilli 
leucocytes  are  very  abundant ;  they  are  more  fre- 
quently phagocytic  than  in  the  former  specimen  ;  the 
majority  of  them  have  not  retained  more  than  a  few 
granules  in  their  protoplasm,  and  many,  though  their 
protoplasmic  outline  is  intact,  show  no  granules  at 
all ;  in  many  cases  their  nuclei  stain  faintly.  Leuco- 
cytes are  also  abundant,  but  generally  normal  in 
appearance,  in  the  situations  where  bacilli  are  scanty 
and  also  in  the  adjacent  tissue  where  no  bacilli  have 
arrived.  Many  of  the  loose  bacilli  are  longer  than 
seram  grown  bacilli  and  show  a  tendency  to  beading. 

Ko  bacilli  have  been  found  in  the  specimens  ex- 
amined of  lung,  liver,  kidney,  and  spleen. 

Six  Days. 

In  the  local  lesion  (Rabbit  1544)  bacilli  are  still  very 
abundant,  but  are  more  loosely  distributed  than  in 
former  specimens.  In  the  central  areas  leucocytes  are 
still  abundant,  but  a  much  larger  percentage  of  them 
are  broken  down  ;  there  is  also  a  further  accession  of 
fresh  leucocytes,  as  evidenced  partly  by  the  free 
distribution  of  gratiules  shed  from  these  cells  and 
partly  by  the  presence  of  intact  granular  leucocytes  ; 
many  of  the  intact  leucocytes  in  these  central  situa- 


*  Another  animal,  Calf  452,  was  cutaneously  inoculated  with  10  mg.  of  the  same  virus,  and  was  killed  129  dayg  after- 
wards.   The  specimens  examined  of  skin,  a  gluteal  gland,  and  a  precrural  gland  show  neither  lesions  nor  bacilli. 
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tions  contain  bacilli.  There  is  also  a  tendency  for 
small  lymphocytes  to  penetrate  into  the  centre  of  the 
lesion.  Passing  outwards,  the  bacilli  are  loosely 
scattered  and  rapidly  decrease  in  number  ;  there  is 
also  a  marked  change  in  the  cellular  infiltration,  the 
leucocytes  rapidly  diminishing  and  the  lymphocytes 
greatly  increasing.  At  a  short  distance  from  the 
central  focus  the  infiltration  of  small  lymphocytes, 
together  with  an  admixture  of  large  lymphocytes:  and 
plasma  cells,  forms  a  wide  and  compact  zone.  The 
blood-capillarif  s  are  rather  more  numerous  than  in 
former  specimens  ;  they  are  dilated,  exhibit  marked 
swelling  of  the  endothelial  cells,  and,  very  occasionally, 
contain  bacilli. 

In  the  lungs  there  are  a  few  bacilli,  which  are 
situated  in  small,  slightly  caseous,  lesions  containing 
many  leucocytes.  No  bacilli  have  been  found  in  the 
specimens  of  liver,  kidney,  or  spleen. 

Eight  Days. 

The  central  part  of  the  local  lesion  (Rabbit  1545)  has 
liquefied.    In  the  adjacent  solid  portion,  bacilli,  though 


numerous,  do  not  occur  in  dense  masses  ;  the  leucocytes 
are  still  actively  phagocytic,  but  there  is  a  greater  pro- 
portion of  lymphocytes.  The  outer  portions  of  the 
lesion  are  in  the  same  condition  as  in  the  last  specimen, 
but  there  is  an  increase  io  the  number  of  cells  which 
give  a  well  marked  reaction  to  Pappenheim's  stain. 

No  bacilli  have  been  found  in  the  specimens  ex- 
amined of  lung,  liver,  kidney,  and  spleen. 

Fourteen  Days, 

The  general  condition  of  the  local  lesion  (Rabbit 
1546)  is  the  same  as  in  the  last  specimen,  but  there  is  a 
further  diminution  in  the  numbers  of  bacilli  and  also 
of  the  leucocytes.  The  lymphocytes  and  endothelial 
cells  show  no  further  change,  but  the  number  of  plasma 
cells  in  the  peripheral  areas  has  increased. 

In  the  specimen  of  lung  a  few  suspicious  foci  have 
been  found,  but  no  bacilli.  In  the  liver  two  bacilli 
have  been  found,  and  the-e  are  a  few  small  lesions. 
In  the  kidney  no  lesions  or  bacilli  have  been  seen. 
In  the  spleen  there  are  a  few  minute  lesions  of  doubt- 
ful nature,  but  no  bacilli  have  been  found. 


SUMMABY. 

Notwithstanding  the  large  doses  of  highly  virulent  bacilli,  there  is  remarkably  little  evidence  of  dis- 
seminated lesions  during  the  first  fortnight  after  inoculation. 


(/')  Lesions  Produced  by  Dead  Bacilli. 


(1.) 

VIRUS-B  XXVI. 
Animal  Inoculated.— Rabbit  488. 


Rabbit  488  was  inoculated,  intravenously  and  intra- 
peritoneallj',  with  dead  bacilli  from  cultures  of 
B  XXVI  (the  total  dose  given  amounting  to  140  mg.), 
and  was  killed  63  days  afterwards. 

Lungs. 

The  lungs  contain  numerous  deposits  of  bacilli. 
Some  of  these  consist  of  clumps  of  bacilli  which 
even  in  their  smallest  diameter  are  many  times  the 
thickness  of  a  blood  capillary  ;  the  presence  of  theso 
deposits  is  difficult  to  explain  except  by  supposing 
that  they  ars  due  to  successive  deposits  of  bacilli 
carried  by  the  blood-stream  and  accumulated  round 
an  initial  obstruction.  In  other  places  the  bacilli, 
though  forming  a  large  deposit,  are  not  solid  masses 
but  are  more  or  less  separate  from  each  other  ;  it 
is  evident  that  these  deposits  have  been  derived 
from  the  blood-stream  by  a  process  of  graduiil 
accumulation.  Bacilli  also  occur  in  many  places 
either  (1)  as  isolated,  minute,  solid  clumps  which  could 
easily  have  travelled  along  the  capillaries,  or  (2)  as 
groups  of  individual  bacilli.  With  the  exception  that 
many  of  them  are  broken  up,  the  bacilli  resemble 
serum  grown  bacilli. 


The  deposits  of  bacilli  have  given  rise  to  well 
marked  and  characteristic  tubercles.  At  the  periphery 
of  these  tubercles  there  is  a  well  marked  layer  of 
plasma  cells,  together  with  transitional  forms  between 
plasma  cells  and  fibroblasts,  and  fibroblasts  which 
give  no  pyronin  reaction.  Internal  to  this  layer 
there  are  epithelioid  cells  and  many  giant  cells. 
Oxyphil  leucocytes  are  numerous  at  the  periphery  of 
the  tubercles  and  in  the  interior  form  dense  masses 
aggregated  round  the  bacilli.    No  fibrin  is  present. 

Liver. 

In  the  specimen  examined  there  is  a  caseous 
tubercle  with  a  broad  cellular  periphery.  In 
the  peripheral  area  plasma  cells  are  very  numerous  ; 
oxyphil  leucocytes  are  less  abundant.  There  are 
many  newly  formed  capillary  channels  containing  a 
few  red  corpuscles.  A  few  giant  cells  are  present. 
No  tubercle  bacilli  have  been  found. 

Kidneys. 

There  is  no  formation  of  tubercles,  but  a  few 
tubercle  bacilli  have  been  found  within  blood- 
vessels. 


Summary. 


Typical  tubercles  of  the  chronic  type  are  present  in  the  lungs  and  liver.  In  the  lungs  there  are 
numerous  deposits  of  dead  bacilli  ;  these  are  being  vigorously  attacked  by  the  oxyphil  leucocytes. 


(2.) 

VIRUS-Bovine. 
Animal  Inoculated.— Rabbit  1883. 


Rabbit  1283  was  inoculated  intra\  onousiy  with 
50  mg.  of  dead  bacilli,  obtained  from  cultures  of  various 
bovine  viruses,  and  was  killed  29  days  afterwards. 

LuJigs. 

Bacilli  are  present  in  most  parts  of  the  tissue  but  are 
not  numerous  ;  with  the  exception  of  a  few  very  small 


clumps  they  occur  either  singly  or  in  groups  of  half  a 
dozen  or  less.  No  bacilli  have  been  found  within 
blood-vessels. 

Throughout  the  tissue  the  lung  alveoli  are  very 
greatly  thickened,  and  many  patches  are  completely 
solidibed.  The  places  where  bacilli  are  demonstrable 
are  generally  the  centres  of  small  areasof  slight  caseation. 
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The  foci  are  characteristic  of  the  more  chronic 
type  of  lesion  set  up  by  living  tubercle  bacilli  ;  they 
contain  giant  cells,  numerous  epithelioid  cells,,  and  a 
peripheral  zone  of  fibroblasts  and  lymphocytes.  In 
the  lesions  where  bacilli  are  very  scanty  and  occur 
singly,  oxyphil  leucocytes  are  not  very  numerous  and 
are  not  in  close  contact  with  the  bacilli  ;  but  the  small 
clumps  of  bacilli  which  have  survived  are  surrounded 
with  clusters  of  oxyphils. 

Limr. 

Single  bacilli  and  fragments  of  bacilli  have  been 
found  in  many  places,  but  bacilli  are  much  less 
numerous  than  in  the  lungs  ;  none  have  been  found 
within  blood-vessels. 

The  most  striking  feature  is  the  presence  of 
numerous  giant  cells  in  all  parts  of  the  section.  These 
cells  occur  singly,  not  as  portions  of  larger  lesions,  and 
are  surrounded  by  normal  tissue.  In  several  of  them 
a  tubercle  bacillus  is  present.  Most  of  the  giant  cells 
are  in  a  very  early  stage  of  formation.  Their  pro- 
toplasm arises  from  a  fusion  of  the  protoplasm  of  a 


group  of  parenchymatous  liver  cells,  and  their  nuclei 
can  sometimes  be  identified  with  the  nuclei  of  these 
colls.  Associated  with  their  formation  there  is  a  swelling 
of  the  capillary  endothelium,  and  the  nuclei  of  these 
latter  cells  generally  contribute  to  the  nuclei  of  the 
giant  cell,  sometimes  obliterating  or  replacing  the 
nuclei  of  the  parenchymatous  liver  cells.  The  nuclei 
of  these  endothelial  cells  divide  amitotically  ;  in  one 
situation  this  process  is  seen  in  a  cell  partially  detached 
from  the  vessel  wall  and  at  the  periphery  of  a  giant 
cell. 

Kidneys. 
No  lesions  or  bacilli  are  present. 

Spleen. 

There  are  no  tubercles  or  giant  cells,  but  in  a  few 
places  small  numbers  of  bacilli,  often  fragmentary,  are 
present.  These  are  generally  associated  with  small 
groups  of  oxyphil  leucocytes.  The  nuclei  of  many  of 
the  leucocytes  are  broken  up. 


Summary. 

The  lungs  contain  small  numbers  of  bacilli  and  show  many  small  lesious  which  are  characteristic  of  chronic 
tuberculosis  ;  probably  much  of  the  consolidation  is  due  to  the  irritant  effects  consequent  on  inoculating  so  large 
a  dose.    The  presence  of  bacilli  in  the  liver  has  led  to  the  production  of  numerous  giant  cells. 


(3.) 

VIRUS— Bovine. 
Animal  Inoculated.— Rabbit  1284. 


Rabbit  1284  was  inoculated  intravenously  with 
10  mg.  of  dead  bacilli,  obtained  from  cultures  of 
various  bovine  viruses,  and  was  killed  29  days 
afterwards. 


Lungs. 

Bacilli  occur  in  many  parts  of  the  tissue  and  have 
led  to  the  production  of  small  caseous  foci  similar 
to  those  found  in  the  lungs  of  Rabbit  1283.  In 
many  of  these  foci  bacilli  are  rare  ;  in  some  a  small 
clump  is  present.  The  bacilli  are  not  surrounded  with 
leucocytes.  Apart  from  these  foci  there  is  much 
les3  tendency  to  consolidation  than  in  the  lungs 
of  Rabbit  1283.  No  bacilli  have  been  found  within 
blood-vessels. 


Liver, 

Under  a  low  power  the  tissue  appears  normal. 
With  a  higher  magnification  a  few  tubercle  bacilli  can 
be  found.  They  are  always  closely  associated  with  the 
portal  veins  and  the  venous  capillaries.  The  bacilli 
have  produced  very  little  tissue  reaction.  Sometimes 
they  are  simply  contained  within  endothelial  cells, 
without  causing  any  change  in  the  surrounding  tissue, 
and  occasionally  there  is  a  group  of  bacilli  surrounded 
by  endothelial  cells  and  small  lymphocytes. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

Identical  with  the  spleen  of  Rabbit  1283. 


SOMMARY. 

The  lungs  contain  tubercles  identical  with  those  of  the  rabbit  inoculated  with  the  larger  dose,  but  there  is  less 
evidence  of  irritant  action  in  the  surrounding  tissue.  In  the  liver  there  are  no  giant  cells,  and  the  bacilli  have 
not  succeeded  in  escaping  beyond  the  capillary  walls. 


General  Results  of  Inoculation  with  Dead  Bovine  Bacilli. 


When  dead  tubercle  bacilli  are  carried  to  the  inter- 
nal organs  by  the  blood-streain  the  nature  of  the 
lesions  produced  depends  largely  upon  the  quantity 
of  bacilli  injected  and  the  fineness  of  the  emulsion.  If, 
owing  to  the  magnitude  of  the  dose  and  the  presence 
of  many  small  clumps,  foci  are  formed  which  con- 
tain large  deposits  of  bacilli,  the  lesions  bear  a  close 
resemblance  to  chronic  tubercles  produced  by  living 
bacilli.  They  have  a  peripheral  zone  of  fibroblasts, 
plasma  cells  and  transitional  forms  between  plasma 
cells  and  fibroblasts  ;  internal  to  this  there  is  a  zone 
of  epithelioid  cells  and  giant  cells  ;  the  centra!  area  is 
necrotic  ;  and  passing  inwards  from  the  periphery  to 
the  centre  there  is  an  abundant  sprinkling  of  leu- 
cocytes. But  the  presence  of  a  large,  centrally  placed 
mass  of  bacilli  is  a  feature  which  often  distinguishes 


these  lesions  from  those  produced  by  living  bacilli. 
An  equal  number  of  living  bacilli  would  have  been 
much  more  loosely  distributed  and  would  have  caussd 
more  wide-spread  tissue  damage  ;  whilst  in  the  ordi- 
nary chronic  tubercle,  sach  as  these  lesions  resemble, 
bacilli  are  usually  rare  or  absent.  This  difEerence  is 
well  illustrated  in  the  lungs  of  Rabbit  488.  A  special 
feature  about  this  tissue  is  the  large  size  of  some  of 
the  accumulations  of  bacilli,  indicating  that  they  must 
have  been  deposited  at  successive  intervals.  It  is 
natural  to  suppose  that  a  site  already  damaged  by  the 
presence  of  bacilli  would  effectively  detain  all  fresh 
arrivals  by  the  blood-stream,  and  thus  would  expand 
by  a  process  of  pa-ssive  accumulation.  Similarly  with 
living  bacilli,  tubercles  already  formed  would  detain 
any  circulating  bacilli  more  readily  than  normal 
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tissue  ;  hence  their  expansion  may  bs  assisted  by  the 
accession  of  fresh  arrivals  and  may  not  always  be  en- 
tirely due  to  the  multiplication  of  the  bacilli  initially 
deposited. 

Another  feature  of  the  tubercles  containing  a  cen- 
tral mass  of  dead  bacilli  is  the  presence,  not  merely 
within  the  lesions  but  in  actual  contact  with  the 
bacilli,  of  large  masses  of  oxyphil  leucocytes  possess- 
ing a  well  defined  granulation.  Had  the  bacilli  been 
alive,  the  leucocytes  in  proximity  to  them  would  have 
been  disintegrated.  But  though  the  toxicity  of  the 
dead  bacilli  for  the  leucocytes  is  relatively  feeble,  it 
seems  clear,  from  a  comparison  of  different  lesions, 
that  the  bacilli  are  in  slow  process  of  disappeirance  ; 
and  this  disappearance  seems  to  be  associated  with  a 
breaking  down  of  some  of  the  leucocytes  present,  and 
may  be  due  to  the  digestive  ferments  liberated  by 
these  cells.  When  the  bacilli  have  all  disappeared,  or 
when  they  only  survive  in  small  numbers,  the 
appearance  of  the  lesions  is  quite  indistinguishable 
from  that  of  chronic  tubercles  produced  by  living 
bacilli. 

When  the  emulsion  of  dead  bacilli  has  been  very 
finely  divided,  the  lesions  are  usually  smaller,  though 
of  the  same  type  as  before.  Their  size  varies  accord- 
ing to  the  number  of  bacilli  deposited.  The  number 
of  leucocytes  present  is  less,  and  in  the  smallest  of 
the  chronic  tubercles  produced  there  may  be  few  or 
none  of  these  cells.  There  is  also,  as  is  well  shown  in 
the  liver  of  Rabbit  1283,  a  remarkably  large  number 


af  giant  ceils  which  occur  singly,  not  as  portions  of 
larger  lesions,  and  are  surrounded  by  normal  tissue. 
Many  of  them  contain  no  more  than  one  bacillus. 
Their  protoplasm  arises  from  a  fusion  of  the  pro- 
toplasm of  a  group  of  parenchymatous  cells,  and  some 
of  their  nuclei  can  oftea  be  recognized  as  due  to 
the  amitotic  division  of  the  nuclei  of  these  cells. 
Concurrently  M'ith  this  process  of  formation,  there 
is  a  swelliug  of  the  capillary  endothelium,  and 
the  nuclei  of  the  endothelial  cells  generally  con- 
tribute, by  amitotic  division,  to  the  giant  cell  nuclei, 
sometimes  obliterating  or  replacing  the  nuclei  of  the 
parenchymatous  cells. 

The  intravenous  inoculation  of  a  large  dose  of  dead 
culture,  even  though  it  be  finely  divided,  produces,  in 
addition  to  the  lesions  above  noted,  a  general  irritant 
effect,  which  is  particularly  well  marked  in  the  lungs. 
When  the  dose  is  diminished,  this  irritant  effect  is 
greatly  reduced  and  it  is  also  noticed  that  many  of 
the  bacilli,  actually  demonstrable  in  tissues  such  as 
the  liver,  are  still  entangled  in  the  vascular  and 
capillary  endothelium  and  have  not  gained  access  to 
the  parenchymatous  cells.  This  circumstance  may  be 
attributable  to  a  greater  defensive  power  of  the  endo- 
thelial cells,  and  it  may  be  suggested  that  one  effect 
of  the  larger  dose  is  to  diminish  tlie  normal  resistance 
of  the  endothelial  cell.  Perhaps  the  toxicity  of  large 
intravenous  doses  of  feebly  vii'ulence  living  bacilli  is 
partly  due  to  the  same  action. 


IV.-LESIONS   IN   FOWLS   AND  PARROTS, 
(rt)  Fowls. 

(1.) 

VIRUS-B  IV. 
Animal  Inoculated.— Fowl  414. 


Fowl  414  was  inoculated  intravenously  with  10  mg. 
of  B  IV,  and  died  21  days  afterwards. 

Limfjs. 

The  lungs  contain  many  minute  foci  which  are 
slightly  necrotic  but  are  not  characteristic  of  definite 
tubercles.  In  these  foci  bacilli  are  numerous.  The 
bacilli  are  frequently  beaded  and  some  of  them  show 
signs  of  disintegration. 

Liver. 

Many  minute  foci  are  present  ;   they  are  similar 

Som: 

Small,  disseminated  deposits  of  bacilli,  without  evid 


to  those  found  in  the  lungs,  but  bacilli  are  less 
numerous. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 


Spleen. 

Many  small  deposits  occur  and  are  similar  in  character 
to  those  found  in  the  liver.  The  bacilli,  though  fairly 
numerous  in  some  of  the  foci,  show  no  definite  signs 
of  multiplication. 

ARY. 

iuce  of  active  growth.    No  definite  tubercle  formation. 


(2.) 

VIRUS-B  IV. 
Animal  Inoculated.— Fowl  420. 


Fowl  420  was  inoculated  intravenously  with  10  mg. 
of  B  IV,  and  died  20  days  afterwards. 

Lungs. 

The  lungs  contain  many  large,  slightly  caseous,  con- 


solidated foci,  at  the  margins  of  which  there  is  a 
tendency  to  fibroid  change.  Bacilli  are  scattered 
throughout  the  lesions,  and  in  a  few  places  are 
fiirly  plentiful,  thougli  they  exhibit  no  definite 
evidence  of  recent  growth. 
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Liver.  and  in  the  interstitial  tissue,  but  there  are  no  definite 

n      -,     ■       ,  ,  histological  changes  associated  with  them. 

There  are  many  minute  foci  showing  slight  necrotic 
change  ;  bacilli  are  scanty. 

Spleen. 

There  are  many  minute  foci  similar  to  those  found 
A  few  bacilli  are  deposited  both  within  glomeruli    in  the  liver. 

Summary. 

Similar  to  Fowl  414  but  with  more  extensive  tissue  change  in  the  lungs. 


(3.) 

VIRUS-B  IX. 
Animal  Inoculated.— Fowl  492. 


Fowl  492  was  inoculated  intravenously  with  10  mg. 
of  B  IX,  killed  by  steaming  at  100°  C,  and  was 
Ijilled  35  days  afterwards. 

Lungs. 

There  are  many  fairly  large  patches  of  caseation  with 
a  peripheral  area  of  fibroblasts.  Some  of  the  lesions 
present  the  characteristic  appearances  of  definite 
tubercles  of  a  chronic  type.  The  lesions  contain 
numerous  bacilli.  The  tissue  changes  are  similar,  and 
equal  in  extent,  to  those  in  Fowl  420,  which  was 
inoculated  with  living  bacilli. 

Liver. 

The  liver  contains  numerous  small  lesions  which  are 


of  a  chronic  type  and  show  a  marked  tendency  to 
fibroid  change.    Bacilli  are  very  rare. 


Kidneys. 

There  are  several  small  foci,  centrally  caseous 
and  surrounded  with  fibroblasts.  Bacilli  are  very 
rare. 


Spleen. 

There  are  several  minute  patches  of  caseation. 
Bacilli  are  very  rare. 


Summary. 

The  bacilli  are  generally  disseminated,  and  have  produced  as  much  tissue  change  as  is  usually  found  in  fowls 
inoculated  with  living  mammalian  bacilli. 


(4.) 

VIRUS-B  XXVI. 
Animal  Inoculated.— Fowl  80. 


Fowl  80  was  inoculated  intravenously  with  1  rag.  of 
culture  of  B  XXVI,  and  was  killed  102  days  after- 
wards. 

Lungs. 

The  lungs  are  studded  with  groups  of  tubercles 
which  are  circular  in  outline,  completely  necrotic 
in  the  centre,  and  generally  surrounded  by  ifibroblasts. 
There  are  no  definite  giant  cells,  but  surrounding  the 
necrotic  areas  there  is  a  zone  of  cells  of  epithelioid  type, 
and  many  of  these  cells  are  partially  fused  together. 
Oxyphil  leucocytes  are  not  numerous.  At  the  periphery 
of  the  tubercles  plasma  cells  are  found  and  often  form 
conspicuous  groups.  No  fibrin  is  present.  Tubercle 
bacilli  are  present  in  all  the  lesions  and  are  numerous 
in  most  of  them  ;  in  several  of  the  lesions  the  bacilli 
form  groups  visible  with  a  low  power.  The  bacilli 
are  most  numerous  in  the  necri)t'c  parts  of  the 
tubercles.    They  are  loosely  scattered  and  nowhere 


form  solid  lumps  or  clusters.  They  vary  from  about 
2  to  4'5  jx  in  length  and  are  often  beaded. 

Liver. 

There  are  some  irregular,  partially  necrotic  areas  in 
which  masses  of  multinuclear  leucocytes  occur.  In 
one  of  these  lesions  two  tubercle  bacilli  are  present. 
None  have  been  found  elsewhere. 

Kidneys. 

A  small  lesion  of  doubtful  nature  has  been  found, 
but  no  tubercle  bacilli. 

Spleen. 

There  are  many  small  foci  in  which  the  cells  stain 
somewhat  faintly  ;  in  some  of  these,  fragments  of 
bacilli  and  oocasionally  whole  bacilli  occur. 


Summary. 

The  lungs  contain  many  caseous  circumscribed  tubercles  in  which  bacilli  are  abundant  ;  from  their 
morphology  and  distribution  it  is  evident  that  the  bacilli  have  multiplied  after  arriving  in  the  lungs. 
There  is  evidence  of  dissemination  in  the  liver  and  spleen,  but  in  these  organs  bacilli  are  very  rare. 


Histology — Bovine  Viruses  in  Fowls  and  Parrots,  39 


(5.) 

VIRUS-B  XXVI. 
Animal  Inoculated.— Fowl  82. 


Fowl  82  was  inoculated  intravenously  with  10  mg. 
of  culture  of  B  XXVI,  and  died  53  days  afterwards. 

Lungs. 

The  lungs  contain  numerous  foci  which  are  circular 
in  outline  and  are  sharply  circumscribed  by  fibro- 
blasts. These  foci  vary  in  size,  the  largest  being 
about  the  area  of  the  microscopic  field  (low  power) 
and  the  smallest  only  a  few  cells  in  diameter.  Many 
of  them  are  necrotic  in  the  centre.  They  often 
occur  in  groups,  smaller  foci  being  present  at  the 
periphery  of  the  larger.  Oxyphil  leucocytes,  with 
a  well  marked  granulation,  are  present  in  all  the 
lesions.  At  the  periphery  they  occur  singly,  but  in 
the  centres  of  many  foci  they  form  dense  masses, 
aud  the  areas  of  commencing  necrosis  are  often  filled 
with  the  nuclear  fragments  and  the  discharged  proto- 
plasmic granules  of  these  cells.  Cells  which  react 
well  to  Pappenheim's  stain  for  plasma  cells  are 
numerous  at  the  periphery  of  the  lesions,  but  only 
occur  scantily  in  the  interior.  The  cellular  ground- 
work of  the  lesions  is  formed  by  fibroblasts  and  cells, 
with  a  large  amount  of  protoplasm  and  irregular 
outlines,  which  are  probably  of  endothelial  origin. 
Cells  of  this  last  type  are  often  found  partially  fused 
together,  but  no  definite  giant  cells  have  been 
met  with.  In  all  the  lesions  tubercle  bacilli  are 
present  and  in  most  of  them  they  are  abundant. 
They  are  generally  loosely  scattered,  but  in  the 
centres  of  some  of  the  lesions  they  are  closely 
packed  in  groups.  The  bacilli  are  present  at  the 
peripherj'  of  the  tubercles  as  well  as  in  the  centre, 
but  are  much  more  numerous  in  the  latter  situa- 
tions and  are  obviously  associated  with  the  large 
aggregations  of  oxyphil  leucocytes.  No  bacilli  have 
been  found  within  blood-vessels.  The  bacilli  are 
from  1'5  to  3'5  or  4  ju  in  length  and  are  generally 
uniformly  stained,  though  some  beaded  forms  are 
met  with.    The  longer  forms  are  generally  curved. 


It  is  quite  clear,  owing  to  their  disposition  and  their 
greater  length  compared  with  bovine  serum-grown 
bacilli,  that  the  bacilli  have  multiplied  after  inocula- 
tion. They  have  sometimes  grown  into  small  clumps 
but  do  not  form  rosettes,  nor  have  they  any  special 
tendency  to  intracellular  growth. 

Liver. 

Throughout  the  liver  substance  there  are  in- 
numerable minute  foci  which  consist  of  spherical 
groups  of  semi-necrotic  cells.  Most  of  these  foci 
show  no  infiltration  with  either  leucocytes  or  other 
cells,  and  no  peripheral  zone,  but  a  few  are  sur- 
rounded with  a  scanty  layer  of  fibroblasts.  No 
plasma  cells  have  been  found.  Most  of  the  foci 
contain  either  fragments  of  tubercle  bacilli  or  one 
or  two  intact  bacilli.  It  is  clear  that  these  foci  are 
due  to  the  action  of  the  bacilli,  and  that  the  bacilli 
have  been  unable  to  survive  or  multiply. 

Kidneys. 

In  the  centre  of  the  specimen  examined  there  is  a 
small  necrotic  area  which  contains  a  few  groups  of 
tubercle  bacilli  aud  ii  surrounded  by  fibroblasts ; 
the  peripheral  zone  also  contains  a  few  oxyphil 
leucocytes  and  a  few  plasma  cells.  In  parts  of  the 
tissue  histologically  unaltered,  an  occasional  bacillus 
has  been  found  adherent  to,  or  within,  the  walls  of  a 
blood  capillary. 

Spleen. 

As  in  the  liver,  numerous  minute  areis  of  partial 
necrosis,  showing  no  definite  structure  or  tissue  re- 
action, are  present.  These  areas  often  contain  one  or 
two  intact  bacilli,  and,  still  moie  frequently,  fragments 
of  bacilli.  It  is  evident  that  the  bacilli  are  in  process 
of  destruction. 


Summary. 

In  the  lungs  bacilli  are  numerous  aud  many  lesions  are  present  resembling  tubercles  of  the  chronic 
type  but  not  containing  giant  cells.  In  the  other  organs  the  bacilli  have  been  freely  dissemmated, 
though  not  many  intact  bacilli  remain  to  be  seen  ;  they  have  produced  minute  necrotic  foci  without  the 
characteristic  structure  of  tubercles. 


(6.) 

VIRUS— B  XXVI. 
Animal  Inoculated.— Fowl  338. 


Fowl  338  was  inoculated  intravenously  with  6  mg. 
of  culture  of  B  XXVI,  and  died  19  days  afterwai'ds. 

Lungs. 

There  are  numerous  small  lesions,  many  of  which 
are  slightly  caseous  in  the  centre.  'I  he  lesions  have 
not  a  definite  outline  or  structure  ;  except  in  the 
breaking  down  areas  they  contain  large  numbers  of 
lymphocytes  and  some  plasma  cells.  Leucocytes  are 
scanty  ;  they  are  present  at  the  periphery  of  the 
lesions,  but  rarely  occur  in  the  central  areas.  Most 
of  the  lesions  contain  small  groups  of  bacilli  ;  these 
are  situated  in  the  breaking-down  areas.  Many  of 
the  bacilli  are  broken  up  ;  a  few  are  much  longer 
than  the  average  ssrum-grown  bacilli.  Though  the 
bacilli  present  aie  numerous,  there  is  no  clear  evidence 
that  there  has  been  an  active  increase  of  the  inoculated 
material. 


Liver. 

Throughout  the  specimen  there  are  many  small 
foci,  in  each  of  which  a  few  bacilli  are  present. 
Bacilli  are  much  less  numerous  than  in  the  lungs  ; 
they  do  not  form  groups,  and  many  of  them  are 
broken  up.  The  lesions  show  rather  less  tissue  de- 
struction than  those  in  the  lungs  ;  they  contain  many 
small  lymphocytes  and  some  plasma  cells  ;  leucocytes 
are  rather  scanty. 

Kidneys. 

There  are  a  few  minute  deposits  of  bacilli,  which 
have  produced  slight  tissue  damage. 

Spleen. 

There  are  many  small,  slightly  caseous,  lesions, 
each  containing  a  few  bacilli.  Leucocytei  are  rare  in 
the  lesions. 


Summary. 

Bacilli  are  present  in  all  the  organs  examined,  but  do  not  appear  to  be  multiplying  ;  they  have  produced 
slight  tissue  damage,  but  the  lesions  can  hardly  be  called  definite  tubercles. 
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(7.) 

VIRUS-B  XXVI. 
Animal  Inoculated.— Fowl  412. 


Fowl  412  was  inoculated  intravenously  with  10  mg. 
of  B  XXVI,  and  died  27  days  afterwards. 

Lungs. 

There  are  large,  confluent  patches  of  consolidation 
which  are  partially  caseous.  The  lesions  are  infiltrated 
with  numerous  leucocytes  and  have  no  definite 
boundary  zone.  Bacilli  are  scattered  about  the 
lesions  in  moderate  numbers  ;  no  definite  signs  of 
multiplication  have  been  found. 

Liver. 

There  are  many  slightly  caseous  foci  with  no  definite 


boundary  zone.  Bacilli  are  found  in  most  of  the 
lesions,  from  6  to  12  in  each,  and  some  of  them  are  much 
longer  than  serum-grown  bacilli. 


Kidneys. 

Bacilli  are  very  rare  and  are  not  associated  with  any 
definite  lesions. 


Spleen. 

There  are  many  foci  of  slight  caseation,  each  of 
which  contains  a  few  bacilli. 


Summary. 

The  bacilli  are  generally  disseminated  and  have  produced  numerous  patches  of  caseation,  but  are  not 
multiplying  freely. 


(8.) 

VIRUS-B  XXVI. 
Animal  Inoculated.— Fowl  458. 


Fowl  458  was  inoculated  intravenously  with  10  mg.  . 
of  B  XXVI,  and  died  M  days  afterwards.  Kidneys. 

l^iijjffg  Bacilli  are  present  but  very  rare,  and  have  produced 

no  definite  lesions. 

There  are  many  confluent  patches  of  early  caseation. 
Bacilli  are  numerous. 

Liver.  • 

There  are  many  small,  apparently  progressive  patches  There  are  many  small  foci  of  early  caseation  in 
of  early  caseation.    Bacilli  are  fairly  numerous.  which  bacilli  are  scanty. 

Summary. 

General  dissemination,  associated  with  early  caseous  change.     No  indication  that  the  bacilli  are  dying 

out. 


(&)  Parrots. 
VIRUS-B  XXVI. 
(1.) 

Animal  Inoculated.— Parrot  6, 


Parrot  6  received  an  intramuscular  inoculation  with 
10  mg.  of  culture  of  B  XXVI,  and  died  113  days 
afterwards. 

Lungs. 

The  lungs  contain  circumscribed  tubercles  in  an 
advanced  stage  of  cp,seation.  These  lesions  contain 
masses  of  leucocytes  and  the  remains  of  these  cells. 
No  bacilli  have  been  found. 

Liver. 

The  liver  contains  many  small  lesions.    In  these. 

Summary 

There  are  fairly  large  and  extensively  caseous  tubercles  in  the  lungs  ;  the  liver  contains  numerous  smaller  . 
lesions.    No  bacilli  have  been  found. 


the  central  area  consists  of  liver  cells  and  endo- 
thelial cells,  which  have  undergone  protoplasmic 
fusion  and  multiplication  of  their  nuclei,  leading  to 
giant  cell  formations ;  the  peripheral  area  is  mainly 
composed  of  a  broad  zone  of  leucocytes.  No  bacilli 
have  been  found. 


Kidney:s. 

No  lesions  or  bacilli  have  been  found. 
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(2.) 

VIRUS-B  XXVI. 
Animal  Fed.— Parrot  8. 


Parrot  8  was  fed  with  42  mg.  of  culture  of  B  XXVI, 
and  died  57  days  afterwards. 

Lungs. 

The  tissue  is  highly  congested  and  shows  large 
patches  of  complete  consolidation  which  are  com- 
mencing to  break  down,  though  not  definitely  caseous. 
There  is  a  sprinkling  of  leucocytes  throughout  the 
tissue,  but  there  are  no  large  collections  of  these 
cells.  Bacilli  occur  everywhere,  and  are  extremely 
numerous  in  the  consolidated  areas. 


Liver. 

The  liver  contains  many  small  lesions  resembling 
those  found  in  the  liver  of  Parrot  G,  with  the  except 
tion  that  their  periphery  contains  only  small  numbers 
of  leucocytes.    Bacilli  are  scanty. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 


Summary. 

Extensive  consolidation  of  the  lungs,  associated  with  large  numbers  of  bacilli.  In  the  liver,  many  small 
lesions  containing  few  bacilli. 


(3.) 

VIRUS-B  XI. 
Animal  Inoculated.— Parrot  14. 


Parrot  14  was  inoculated  intravenously  with  "l  mg. 
of  culture  of  B  XI,  and  died  17  days  afterwards. 

Lungs. 

The  tissue  is  almost  completely  solid,  and  though  not 
caseous  contains  many  patches  of  broken  down  leuco- 
cytes. Bacilli  are  very  abundant  in  all  parts  of  the 
specimen  ;  they  are  notably  long  and  curved  and  show 
a  tendency  to  grow  together  in  the  form  of  streaks 
and  tufts.' 

Liver. 

Bacilli  are  freely  disseminated  in  large  numbers 


throughout  the  tissue  and  within  the  blood-capiliaries. 
There  is  a  general  infiltration  of  lymphocytes  and 
leucocytes,  but  no  caseation  or  tubercle  formation. 

Kidneys. 

There  are  no  definite  lesions.  Tubercle  bacilli  are 
irregularly  distributed  and  in  some  places  are  fairly 
numerous. 

Spleeyi. 

Bacilli  are  profusely  distributed,  but  have  produced 
very  little  tissue  change. 


Summary. 

General  dissemination  and  abundant  multiplication  of  bacilli ;  consolidation  of  the  lungs  ;  no  tubercle 
formation. 


(4.) 

VIRUS-B  XI. 
Animal  Fed.— Parrot  1 6. 


Parrot  16  was  fed  with  50  mg.  of  culture  of  B  XI, 
and  died  83  days  afterwards. 

Lungs. 

The  tissue  is  completely  solid,  extensively  caseous, 
and  contains  very  large  numbers  of  bacilli. 

Liver. 

There  are  numerous  small,  caseous  tubercles,  and 
the  tissue  as  a  whole  is  infiltrated  with  lymphocytes 
and  leucocytes.    In  the  tubercles,  many  of  which  con- 


tain giant  cells,  bacilli  are  present  in  fairly  large 
numbers. 

Kidneys. 

There  are  many  small,  slightly  caseous  lesions,  in 
which  bacilli  are  fairly  plentiful. 

Spleen. 

The  spleen  is  permeated  with  caseous  areas  containing 
numerous  bacilli.  There  is  a  tendency  to  giant  cell 
formation. 


Summary. 

General  dissemination  of  bacilli,  with  the  formation  of  progressive,  caseous  tubercles.  The  lungs  are  very 
severely  affected. 
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General  Results. 


(1.)  Fowls. 

The  fowl  does  not  appear  to  be  susceptible  to  the 
bovine  bacillus  except  by  the  intravenous  method  of 
experiment.*  And  when  the  bacilli  are  introduced 
intravenously,  they  evidently  find  themselves  in  an 
unfavourable  soil.  They  may  be  entirely  eliminated  ; 
a  few  of  them  may  survive,  mostly  in  a  fragmentary 
condition  ;  or  they  may  survive  in  larger  numbers  ;  or 
finally,  they  may  not  only  survive  but  show  some 
signs  of  multiplication.  But,  at  the  most,  the  lesions 
which  they  produce  are  of  a  chronic  character,  and 
there  is  no  clear  indication  that  they  would  have 
extended,  had  the  experiments  been  of  longer 
duration. 

The  lungs  show  much  more  evidence  of  tissue 
change  than  the  other  organs.  In  this  respect  the 
bovine  bacillus  differs  in  its  action  from  the  avian, 
since  the  fowl's  lung  is  much  less  susceptible  to  the 
avian  bacillus  even  after  intravenous  inoculation,  than 
other  organs,  notably  the  liver  and  spleen.  It  is 
noteworthy  that  in  the  lungs  of  Fowl  80,  for  example, 
bovine  bacilli,  introduced  in  the  relatively  small  dose 
of  1  mg.,  have  survived  for  over  100  days  and  appear 
to  have  multiplied.  They  have  produced  lesions  which 
may  be  faii-ly  described  as  tubercles.  These  foci  are 
circular  in  outline,  completely  necrotic  in  the  centre, 
and  are  surrounded  by  fibroblasts  and  plasma  cells. 
Between  the  fibroid  zone  and  the  necrotic  area  there 
is  a  zone  of  cells  of  epithelioid  type,  many  of  which 
are  partially  fused  together,  though  these  fusions 
have  not  advanced  to  definite  giant  cell  formation. 
Leucocytes  occur  in  the  lesions,  but  not  in  large 
numbers.  The  lungs  of  Fowl  82,  53  days  after 
inoculation  with  10  mg.,  show  lesions  which  contain 
numerous  bacilli  and  in  most  respects  resemble  the 
aabeicles  found  in  Fowl  80.  One  notable  difference, 
however,  is  that  in  Fowl  82  there  are  numerous 
leucocytes  in  association  with  the  lesions  ;  these  cells 
are  particularly  abundant  in  the  centres  of  the  lesions 
and  are  evidently  attracted  to  the  groups  of  bacilli. 
In  the  lungs  of  the  fowls  which  died  from  19  to  21 
days  after  inoculation,  the  lesions  are  in  an  earlier 
stage  and  do  not  exhibit  a  definite  structure  or 
boundary  zone.  Many  of  the  bacilli  which  they 
contain  are  broken  up  ;  a  few  are  markedly  longer 
than  serum-grown  bacilli,  an  appearance  commonly 
met  with  in  bacilli  which  retain  vitality  but  find  their 
environment  unfavourable  for  active  multiplication. 


In  the  livers  of  all  the  fowls  the  presence  of 
small  foci  showing  partial  necrosis  is  evidence  of 
infection.  In  the  11  days'  animal  bacilli  are  fairly 
numerous  in  the  lesions  ;  in  the  19,  20,  and  21  days' 
livers  most  of  the  lesions  contain  a  few  bacilli ;  in 
the  53  days'  case  they  are  rarer,  and  in  the  fowl 
killed  102  days  after  inoculation  they  are  rarer  still. 
Probably  the  bovine  bacillus  is  not  capable  of  per- 
manent survival  in  the  fowl's  liver. 

The  spleens  are  in  the  same  condition  as  the  livers, 
and  in  passing  from  the  earlier  to  the  later  lesions  a 
similar  progressive  diminution  of  bacilli  is  found. 

The  kidneys  are  only  very  slightly  affected. 

It  is  noteworthy  that  in  Fowl  492,  inoculated  with 
dead  bacilli,  there  is  as  much  tissue  change  as  in  usually 
found  in  fowls  inoculated  with  living  mammalian 
bacilli. 

(2.)  Parrots. 

In  Parrot  6, 1 13  days  after  intramuscular  inoculation, 
no  bacilli  have  been  found,  but  the  lungs  contain 
large  and  extensively  caseous  tubercles,  and  the 
liver  shows  many  smaller  lesions  in  which  giant  cell 
formation  is  conspicuous.  In  both  organs  large 
numbers  of  leucocytes  are  associated  with  the  lesions. 

Parrot  8,  57  days  after  feeding  with  a  large  dose, 
shows  in  the  lungs  extensive  patches  of  consolidation. 
These  are  commencing  to  break  down  and  contain 
very  large  numbers  of  bacilli.  Possibly  some  of  the 
bacilli  reached  the  lung  by  the  respiratory  tract. 
Bacilli  are  scanty  in  the  liver,  but  this  organ  contains 
many  small  lesions  which  are  similar  in  structure  to 
those  in  the  liver  of  Parrot  6. 

Parrot  14  shows  general  dissemination  and  abundant 
increase  of  bacilli  after  intravenous  inoculation  with  a 
small  dose,  and  Parrot  16  shows  disseminated,  pro- 
gressive tuberculosis  after  feeding. 

Parrot  16,  83  days  after  feeding  with  a  large  dose, 
shows  severe  disease  of  the  lungs  and  general  dis- 
semination of  bacilli,  with  the  formation  of  progressive, 
caseous  tubercles. 

It  is  noticeable  that  in  the  parrots,  as  in  the  fowls, 
the  lungs  are  more  extensively  affected  than  other 
organs.  The  lungs  of  the  parrots  show  much  larger 
areas  of  disease  than  those  of  the  fowls. 


v.— LESIONS  IN  OTHER  ANIMALS, 
(a)  A  Baboon  and  a  Chimpanzee. 
(1.) 

VIRUS-B  IV. 
Animal  Inoculated.— Baboon  76. 


Baboon  76  was  inoculated  subcutaneously  with  a 
very  small  dose  of  culture  of  B  lY.  (estimated  by  the 
method  of  dilution  as  equivalent  to  "00001  mg.),  and 
died  89  days  afterwards. 

Lungs. 

Large,  isolated,  caseous  tubercles  are  present.  They 
contain  giant  cells  at  their  periphery,  but  are  not 
surrounded  by  fibroblasts.  Throughout  the  tubercles 
bacilli  are  scattered  in  small  numbers. 

Liver. 

There  are  several  small  tubercles  in  the  section. 


These  are  only  slightly  caseous  and  generally  contain 
giant  cells  ;  the  peripheral  zone  contains  leucocytes 
and  lymphocytes,  but  is  not  well  marked.  Bacilli  are 
scanty. 

Kidneys. 

No  tubercles  or  bacilli  have  been  found  in  tbe 
specimen  examined. 

Portal  Gland. 

Patches  of  commencing  caseation  are  present  and 
contain  several  bacilli. 


Summary. 

Disseminated  tuberculosis.  The  tubercles  are  discrete  and  do  not  contain  many  bacilli,  but  show  no  sign 
of  retrogressive  change. 


Fowls  have  been  tested  by  other  methods  of  experiment  but  have  not  yielded  useful  material  for  microscopic  investigation. 
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(2.) 

VIRUS— B  IV. 
Animal  Inoculated.— Chimpanzee  24. 


Chimpanzee  24  was  inoculated  subcutaneously  with 
an  extremely  small  dose  of  culture  of  B  IV  (esti- 
mated by  the  method  of  dilution  as  equivalent  to 
•00001  mg.),  and  died  107  days  afterwards. 

LuiKJS. 

The  lungs  are  semi-solid  and  contain  large  caseous 
areas  which  have  no  demarcation  zone  and  are  typical 
of  acute  tubercular  pneumonia.  Bacilli  are  very 
abundant. 

Liver. 

In  tbe  specimen  of  liver  there  is  a  large,  almost 
completely  caseous  nodule  which  is  surrounded  by 
fibroblasts  ;  within  this  nodule  bacilli  are  numerous. 
Smaller  foci  infiltrated  with  leucocytes  and  showing 


no  fibrous  periphery  also  occur  ;  these  show  very  few 
bacilli. 

Kidneys. 

Large,  caseous,  ramifying  tubercles  are  present. 
Bacilli  are  less  numerous  than  in  the  liver. 

Spleen. 

Large,  discrete  tubercles  are  present  and  are  almost 
completely  caseous.    Bacilli  are  scanty. 

Inguinal  Gland. 

A  few  suspicious  foci  are  present,  but  no  tubercle 
bacilli  have  been  found. 


Summary. 

Highly  acute  tuberculosis  of  the  lungs,  with  very  large  numbers  of  bacilli  ;  extensive,  but  less  acute, 
tuberculosis  of  the  liver,  kidneys,  and  spleen. 


{h)  Dogs. 
(1.) 

VIRUS-B  IV. 
Animal  Fed.— Dog  116. 


Dog  116  was  fed  with  10  mg.  of  culture  of  B  IV,  and 
was  killed  98  days  afterwards.  Kidneys. 

Lungs.  No  lesions  or  bacilli  have  been  found 

There  are  a  few  slightly  caseous  and  apparently 
retrogressive  lesions  in  which  bacilli  are  rare. 

Mese7iteric  Gland. 

The  gland  contains  large,  progressive  patches  of 
A  few  slightly  caseous,  obviously  retrogressive  lesions.     caseation.    Bacilli  are  numerous  but  are  confined  to 
Bacilli  very  rare.  the  caseous  areas. 

Summary. 

The  bacilli  are  multiplying  freely  in  the  mesenteric  gland  ;  but  in  the  lungs  and  liver  evidence  of  dissemina- 
tion though  present  is  only  slight. 


(2.) 

VIRUS-B  IX. 
Animal  Inoculated.— Dog  130. 


Dog  130  was  inoculated  subcutaneously  with  48  mg.  of 
culture  of  B  IX,  and  died  85  days  afterwards.  It  was 
then  discovered  that  the  inoculation  had  been  partly 
intraperitoneal. 

Lungs. 

There  is  a  general  thickening  of  the  alveolar  walls, 
with  many  small  patches  of  consolidation.  The 
latter  are  not  like  typical  tubercles.  Unlike  ordinary 
acute  lesions,  they  have  not  a  central  area  of  caseation  ; 
and  unlike  lesions  of  a  more  chronic  type,  there  is  no 
arrangement  of  the  cells  into  zones  and  areas 
resembling  the  structure  of  a  tubercle.  Both  leucocytes 
and  lymphocytes  are  numerous  in  the  lesions.  Bacilli 
are  very  abundant.  In  the  consolidated  foci  they  have 
grown  into  large  masses  and  form  colonies  ;  they  also 
occur,  both  singly  and  in  groups,  throughout  the  rest  of 
the  tissue.  The  small  amount  of  tissue  destruction, 
notwithstanding  the  presence  of  very  large  numbers 
of  bacilli,  is  noteworthy. 


Liver. 


The  liver  contains  enormous  numbers  of  bacilli. 
As  in  the  lungs,  they  are  present  everywhere,  but  have 
only  produced  a  small  amount  of  tissue  destruction, 
and  have  not  caused  the  formation  of  caseous  areas  or 
lesions  with  the  typical  structure  of  tubercles.  Bacilli 
are  present  in  some  of  the  blood-vessels. 

Kidneys. 

Bacilli  are  irregularly  distributed,  and  have  not  led 
to  the  formation  of  definite  tubercles.  Occasionally 
the  bacilli  occur  in  large  groups,  but  on  the  whole 
they  are  much  less  numerous  than  in  the  lungs  or  liver. 

Spleen. 

The  whole  of  the  tissue  is  swarming  with  bacilli. 
The  amount  of  tissue  destruction  is  relatively  small. 


General  dissemination  and  enormous  multiplication 
formation  of  typical  tubercles. 

27676 


Summary. 

of  bacilli ;  amount  of  tissue  destruction  small  ;  no 
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(3.) 

VIRUS-B  XII. 
Animal  Inoculated.— Dog  160. 


Dog  160  (a  pup)  was  inoculated  intravenously  with 
1  mg.  of  culture  of  B  XII,  and  died  52  days  afterwards. 

Lungs. 

The  tissue  is  highly  congested  and  is  in  a  semi-solid 
condition.  The  consolidated  areas  are  distributed 
irregularly,  as  is  usual  in  tubercular  infections,  but  show 
very  little  sign  of  caseation.  Bacilli  are  moderately 
numerous  in  the  lesions. 

Liver. 

There  is  a  generalised  infiltration  of  bacilli  but  no 
tubercle  formation.  Bacilli  are  numerous  and  are 
evidently  multiplying  freely.  In  all  situations  where 
they  are  plentiful,  the  parenchymatous  cells  are 
disintegrated  and  leucocytes  and  lymphocytes  are 
numerous. 


Kidneys. 

Bacilli  occur  in  many  parts  of  the  tissue  but  only  in 
small  numbers.  They  have  not  produced  definite  lesions. 

Spleen. 

There  is  a  large  caseous  area  in  which  bacilli  are 
numerous.  The  rest  of  the  tissue,  in  the  specimen 
examined,  does  not  show  definite  lesions  but  contains 
bacilli  which  are  scattered  about  everywhere  in  twos  and 
threes. 

Portal  Gland. 

Bacilli  are  distributed  all  over  the  section,  but  do  not 
form  large  masses  and  have  produced  very  little  tissue 
destruction.    There  are  no  definitely  caseous  areas. 


Summary. 

General  dissemination  of  bacilli  ;  advanced  consolidation  of  the  lungs  ;  extensive  disintegration  of  the 
parenchymatous  cells  of  the  liver  ;  an  absence  of  typical  tubercle  formation. 


(c)  Two  Pig's. 

(1.) 
VIRUS— B  X. 

Animal  Inoculated.— Pig  138. 


Pig  138  was  inoculated  subcutaneously  with  1  mg. 
of  cxSture  of  B  X,  and  was  killed  92  days  afterwards. 

Lungs. 

In  the  lungs  there  are  numerous  discrete  lesions 
which  are  large  and  necrotic,  and  exhibit  caseo-fibrous 
change.    No  bacilli  have  been  found  in  them. 


Liver  and  Spleen. 

These  organs  contain  many  caseous  nodules  sur- 
rounded by  thick  fibrous  walls  ;  no  bacilli  have  been 
found  in  the  lesions. 

Kidiieys. 

No  lesions  or  bacilli  have  been  found. 


Summary. 

Disseminated,  retrogressive  lesions,  containing  no  demonstrable  bacilli,  after  subcutaneous  inoculation  with 
a  small  dose  of  a  virulent  virus. 


(2.) 

VIRUS-Cow  B. 
Animal  Fed.— Pig  216. 


Pig  216  was  fed  with  the  faeces  of  Cow  B,  a  spon- 
taneously infected  animal,  during  8  days,  the  total 
dose  being  about  4'78  kilogrammes  ;  and  was  killed 
100  days  after  the  commencement  of  the  experiment. 

Lungs. 

The  lungs  contain  small  lesions  which  are  retro- 
gressive in  type.  Tubercle  bacilli  are  present  but 
rare. 

Liver, 

Large,  necrotic,  retrogressive  lesions  are  present. 
Only  one  tubercle  bacillus  has  been  found. 


Kidneys. 

No  tubercles  or  bacilli  have  been  found. 

Spleen. 

The  spleen  shows  chronic  lesions  with  a  tendency 
to  fibroid  change.    Bacilli  are  very  rare. 

Mesenteric  Gland. 

The  gland  examined  is  almost  completely  necrotic. 
Tubercle  bacilli:  are  scanty,  but  are  less  rare  than  in 
the  other  organs. 


Summary. 

Disseminated  tuberculosis  of  a  chronic  type. 
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((?)  Ponies. 
(1.) 

VIRUSES— B  XII  and  B  XI. 
Animals  Inoculated.— Ponies  6  and  12. 


Pony  6  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  B  XII,  and  was  killed  132  days 
afterwards,  [cwrm 

Specimens  lof  the  following  organs  have  been 
examined  without  the  discovery  of  either  lesions  or 
tubercle  bacilli  : — Lungs,  liver,  kidneys,  spleen,  and  a 
bronchial  gland. 

p  Pony  1 2  was  inoculated  subcutaneously  with  50  mg.  of 
culture  of  B  XI,  and  was  killed  124  days  afterwards. 


Specimens  of  the  following  organs  show  neither 
lesions  nor  tubercle  bacilli  : — kidneys,  spleen,  and  an 
axillary  gland.  In  the  lunes  there  are  a  few  small 
lesions  of  doubtful  nature  and  in  the  liver  there  are 
several  ;  but  no  tiibercle  bacilli  have  been  found,  and 
it  cannot  be  regarded  as  certain  that  the  lesions  were 
produced  by  these  organisms.  In  the  local  lesion, 
which  is  caseous  and  shows  conservative  change, 
tubercle  bacilli  are  moderately  numerous. 


Summary. 

The  animals  appear  to  have  completely  resisted  infection. 


(2.) 

VIRUS-B  XI. 
Animal  Inoculated.— Pony  30. 


Pony  30  was  inoculated  intravenously  with  10  mg. 
of  culture  of  B  XI,  and  died  20  days  afterwards. 

Lungs 

The  lungs  are  semi-solid  and  exhibit  many  caseous 
patches  of  irregular  outline.  There  is  also  an  abundant 
desquamation  of  alveolar  epithelium.  Giant  cells  are 
not  uncommon,  and  there  is  a  tendency  to  fibroid 
change  at  the  margins  of  the  caseous  areas.  Tubercle 
bacilli  can  be  found  in  most  of  the  lesions  but  are  not 
numerous. 

Liver. 

There  are  many  small  foci  which  are  not  definitely 
caseous  but  show  partial  disintegration  of  the  liver 


cells.  Tubercle  bacilli  are  present  in  these  areas  but 
are  scanty. 

Kidneys. 

One  bacillus  has  beea  found  in  a  glomerulus  and  is 
surrounded  by  a  few  leucocytes.  Another  bacillus  has 
been  found  in  a  small  patch  of  interstitial  infiltration. 

S2)leen. 

There  are  several  minute  patches  of  commencing 
caseation.    Bacilli  are  scanty. 

Pojditeal  Gland. 

Small  caseous  lesions  and  giant  cells  are  present. 
Bacilli  are  scanty. 


Sdmmaey. 

The  lungs  are  severely  affected,  though  showing  evidence  of  conservative  change, 
much  less  extensively  diseased.    Bacilli  are  scautj'. 


The  other  organs  are 


Summary  of  Results. 


Bahoon  76  and  Chimpanzee  24  illustrate  the  effects 
of  a  very  minute  dose  of  bovine  bacilli  subcutaneously 
inoculated.  In  both  cases  there  was  general  dis- 
semination, and  in  both  animals  the  lungs  were  more 
extensively  affected  than  other  organs.  The  chim- 
panzee was  much  more  severely  infected  than  the 
baboon.  The  lungs  of  the  chimpanzee  show  highly 
acute  disease  and  contain  very  large  numbers  of 
bacilli  ;  in  the  baboon's  lungs  the  tubercles  are  dis- 
crete and  do  not  contain  many  bacilli,  though  they 
show  no  sign  of  retrogression. 

Dog  116. — Feeding  with  10  mg.  of  culture  has  pro- 
duced disseminated  disease  of  a  mild  type. 

Dogs  130  and  160. — In  both  these  animals  there  is 
severe  infection  but  an  absence  of  typical  tubercle  for- 
mation. In  the  former,  85  days  after  a  subcutaneous 
and  intraperitoneal  dose  of  48  mg..  there  is  a  very  lai'ge 
multiplication  of  bacilli  in  the  various  organs  examined, 
but  remarkably  little  tissue  destruction  ;  this  condition 
may  be  compared  with  that  sometimes  found  in 
calves  after  intravenous  inoculation  with  bacilli  of 
relatively  low  virulence,  or  with  the  condition  pro- 
duced in  rats  after  intraperitoneal  inoculation  with  a 
large  dose.  In  the  latter  animal,  52  days  after  intra- 
venous inoculation  with  a  much  smaller  dose,  1  mg., 
the  general  condition  is  the  same  ;  but  the  bacilli. 


though  numerous,  are  much  less  abundant  than  after 
the  large  subcutaneous  and  intraperitoneal  dose.  Both 
cases  appear  to  be  examples  of  a  condition  characterized 
by  (1)  a  diminished  bactericidal  action  of  the  blood 
upon  the  tubercle  bacillus,  and  (2),  concomitantly  with 
this  change,  a  diminution  of  the  resisting  jsower  of  the 
endothelial  cell,  together  with  an  increased  perme- 
ability of  the  vascular  endothelial  linings.  The  conse- 
quences of  this  increased  permeability  appear  to  be 
twofold  ;  (a)  the  bacilli  pass  readily  through  the 
endothelial  lining,  and  (b)  the  vitality  and  resistance 
of  the  tissue  with  which  they  come  into  contact  are 
lowered  by  the  invasion  of  injurious  fluid  constituents 
from  the  blood. 

Pigs  13S  and  216. — In  the  former  animal  the  sub- 
cutaneous inoculation  of  a  small  dose  (I  mg.)  of 
bovine  bacilli  has  j^roduced  disseminated  lesions 
which  have  become  definitely  retrogressive  at  the  end 
of  three  mouths.  In  Pig  216  disseminated  tuber- 
culosis of  a  chronic  typo  has  been  produced  by  feeding 
with  the  faeces  of  a  cow. 

Ponies  6  and  12. — These  cases  illustrate  the  capacity 
of  the  horse  to  resist  completely  subcutaneous  inocula- 
tion with  50  mg.  of  bovine  bacilli. 

Po)iij  SO. — Fatal  infection  of  the  lungs  after  intra- 
venous inoculation  of  10  mg. 
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B.-ADDITIONAL  OBSERVATIONS  ON  LESIONS  PRODUCED  BY 

HUMAN  VIRUSES. 


I— LESIONS  IN  CALVES. 


(a)  Strains  of  High  Virulence. 


Specimens  have  been  examined  of  tissues  taken 
from  the  following  calves,  in  which  fatal  disease  was 
produced  by  the  subcutaneous  inoculation  of  culture. 


H  13.  A.D.  {Calf  1237):  Calf  1327.- 
acute  infection. 


-Typical  of 


Virus. 


H  13.  A.D. 

(Calf  1237). 

H  49.  T.C. 
(Calf  1263). 

H  49.  T.C. 
(Original 
material). 

H  53.  D.H.  (b). 
(G.P.  from 
original  ma- 
terial). 

H.53.  D.H.(b). 
(G.P.  from 
original  ma- 
terial). 

H  60.  W.B. 
(Bronchial 

Gland). 

H  60.  W.B. 
(Bronchial 

Gland). 

H  60.  W.B. 
(Bronchial 

Gland). 

H  60.  W.B. 
(Bronchial 

Gland). 

H  69.  F.K. 
(Meninges). 

H  77.  R.L. 

H  88.  E.L. 

H  89.  W.I. 

(Lung). 
H  90.  LP. 

(Calf  1383). 
H  90.    I  P. 

(Calf  1471). 
H  100.  R.S. 

(Calf  1419). 
H  100.  R.S. 

(Calf  1419). 
H  100.  R.S. 

(G.P.  from 

original  ma- 
terial). 
H  100.  R.S. 

(Calf  1409). 
H  105.  G.S. 

(Calf  1449). 
H  105.  G.S. 

(Calf  1405). 
H  107.  H.H. 

(Calf  1453). 
H  108.  H.R. 

(Calf  1539). 
HIOS.  H.R. 

(Calf  1417). 
H  110.  J.B.  (a) 

H  110.  J.B.  (a) 

H  110.  J.B.  (b) 

H  127.  R.R. 

H  128.  D.D. 

H128.  D.D. 


Dose. 


50  mg, 
50  mg. 
48  mg. 

50  mg. 

50  mg. 

50  mg. 
10  mg. 
10  mg. 

50  mg, 

50  mg. 
50  mg. 
50  mg. 
50  mg. 
50  mg. 
45  mg. 
50  mg. 
50  mg. 
50  mg. 

"iO  mg. 
50  mg. 
50  mg. 
50  mg. 
50  mg. 
50  mg. 
50  mg. 
50  mg. 
50  mg. 
50  mg. 
45  mg. 
50  mg. 


Number  of 

Calf 
Inoculated. 


1327 
1347 
1501 

1507 

1545 

1099 

1107 

1109 

1425 

1267 
1349 
1271 
1351 
1489 
1493 
1511 
1517 
1523 

1543 
1521 
1527 
1519 
1509 
1539 
1483 
1491 
1515 
1585 
1567 
1579 


Duration  of 
Experiment 
in  Days. 


27 
52 
45 

63 

53 

28 

58 

32 

46 

56 
19 
45 
44 
42 
21 
39 
22 
73 

34 
78 
59 
49 
29 
16 
40 
17 
34 
48 
42 
41 


H49.  T.C.  {Calf  1263):  (7a?/ i 54 7.— The  lungs, 
spleen,  and  a  thoracic  gland  are  typical  of  acute 
infection  ;  the  specimens  of  liver  and  kidney  show  less 
severe  disease,  but  in  the  latter  there  is  a  tubercle 
containing  numerous  bacilli. 

H  49.  T.C.  {Original  material)  :  Calf  1501.— The 
tissues  are  typical  of  acute  infection,  but  perhaps  the 
number  of  bacilli  in  the  lungs  is  slightly  below  the 
average. 

H  53.  D.H.  {h):  Calves  1507  and  1545.— The 
lungs  of  these  animals  show  acute  infection  with 
numerous  bacilli,  but  the  amount  of  tissue  destruction 
is  below  the  average.  Only  slight  lesions  have  been 
found  in  the  livers  and  kidneys.  The  spleens, 
popliteal  glands,  and  thoracic  glands  are  typical  of 
acute  infection. 

H  60.  W.B.  {Branch.  Gl.)  :  Calf  1099.— The 
lungs,  liver,  kidneys,  and  a  thoracic  gland  all  show 
acute  disease,  typical  of  that  which  is  produced  by 
highly  virulent  bacilli. 

H  60.  W.B.  {Branch.  Gl.) :  Calf  1107.— The 
lungs  show  advanced,  caseous  lesions,  containing 
moderate  numbers  of  bacilli.  Fibrin  is  present.  The 
lesions  are  obviously  progressive  ;  but  bacilli  are  less 
numerous  than  is  usual  in  acute  cases,  a  fact  which 
may  perhaps  be  accounted  for  by  the  relative 
smallness  of  the  dose  (10  mg.).  In  the  kidneys  there 
are  several  small  lesions  which  are  tending  to  caseate 
and  contain  giant  cells  ;  bacilli  are  scanty.  A  thoracic 
gland  is  almost  completely  caseous  and  contains 
calcareous  foci  ;  bacilli  are  much  less  numerous  than 
is  usual  in  acute  infections. 

H  60.  W.B.  {Branch.  Gl.)  :  Calf  1109.— The 
lungs  are  typical  of  acutely  progressive  infection  ; 
bacilli  are  numerous  and  fibrin  is  present.  The  liver 
contains  many  caseous  lesions  which  are  obviously 
progressive  ;  bacilli  are  rather  scanty.  The  kidneys 
contain  several  tubercles  in  which  bacilli  are  scanty. 
A  thoracic  gland  is  typical  of  acute  infection  and 
contains  numerous  bacilli. 

H  60.  W.B.  {Branch.  Gl.)  :  Calf  1425.— The 
tissues  examined  (lungs,  liver,  kidneys,  spleen,  and  a 
bronchial  gland)  though  showing  progressive  disease, 
which  is  advanced  in  the  lungs,  are  less  severely 
afEected  than  is  usual  in  infections  which  terminate 
fatally  within  this  period.  There  is  a  tendency  to  the 
formation  of  fibroblasts  at  the  periphery  of  the 
lesions,  and  bacilli  are  not  very  numerous. 

H  69.  F.K.  {Meninges) :  Calf  i 56 7.— Typical  of 
acute  infection. 

H  77.  R.L. :  Calf  1349.— The  histological  charac- 
ters of  the  lesions  are  typical  of  acute  infection,  but 
bacilli  are  less  numerous  than  usual. 

H  88.  E.L.:  Calf  i 5 —  Typical  of  acute 
infection. 

H  89.  W.I.  {Lung):  Calf  1351.  —  Typical  of 
acute  infection. 

H90.I.P.:  Calves  1489  and  1493.— The  lungs  are 
crowded  with  tubercles  which  are  breaking  down  and 
contain  very  numerous  bacilli ;  the  lesions  are  relatively 
small  in  Calf  1493.  The  livers,  spleens,  and  mediastinal 
glands  are  also  typical  of  highly  acute  infection.  No 
bacilli  have  been  found  in  the  kidneys  of  Calf  1493,  but 
a  few  are  present  in  Calf  1489. 

H  100.  R.S.  {Calf  1419)  :  Calf  1511.— Ty^icsX  acute 
infection.  The  animal  from  which  the  culture  used 
for  inoculation  was  derived  experienced  a  much  milder 

f  Omi  of  dlSGSjSG 

H  100.  R.S.  {Calf  1419)  :  Calf  1517.— Esirly  miliary 
tuberculosis.  IJacilli  less  abundant  than  is  usual  in 
acute  infections. 

H  100.  R.S.  {Original  material)  :  Calf  1523.— 
Typical  of  highly  acute  infection. 
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H  100.  R.S.  (Calf  1409):  Calf  1543.— AW  the 
tissues  examined  are  typical  of  highly  acute  infection. 

H 105.  G.S.  (Calf  1449):  Calf  1521.— The  lungs 
are  typical  of  acute  infection.  The  liver  is  less 
severely  afEected  ;  it  contains  small  tubercles  in  which 
giant  cells  are  present  and  bacilli  are  scanty.  The 
kidneys  contain  caseous,  discrete,  but  progressive 
tubercles  in  which  bacilli  are  numerous.  The  spleen 
and  an  iliac  gland  show  advanced  lesions,  contain  very 
numerous  bacilli,  and  are  typical  of  acute  infection. 

E  105.  G.S.  '(Calf  1105):  Calf  1527.— The  lungs 
are  typical  of  acute  infection.  Only  a  few,  slight 
lesions  have  been  found  in  the  liver  and  none  in  the 
specimen  of  kidney.  The  spleen  and  a  mediastinal 
gland  are  typical  of  acute  infection.  A  tubercle  of 
progressive  type  has  been  found  in  the  right  auricle. 


H  107.  H.H.  {Calf  1453)  :  Calf  1519.— Th^  lesions 
are  typical  of  acute  infection,  being  in  marked  con- 
trast to  those  of  Calf  1453,  from  which  the  culture 
used  for  inoculation  was  obtained. 

H  108.  H.H.  (Calf  1417)  :  Calf  1539.— The  tissues 
are  typical  of  acute  infection,  being  in  marked  con- 
trast to  those  of  Calf  1417  from  which  the  culture 
used  for  inoculation  was  obtained. 

BIOS.  II.R.  (Calf  1539)  :  Calf  1509.— Typical  of 
acute  infection. 

H  110.  J.B. :  Calves  1483,  1491,  and  2575.— Typical 
acute  infections. 

ff  127.  R.R. :  Calf  i5S5.— Typical  of  acute  in- 
fection. 

H  128.  D.D.:  Calms  1567  and  157tf,— Typical  of 
acute  infection. 


(b)  Strains  of  Lower  Virulence. 


Tissues  have  been  examined  of  the  following  calves, 
in  which  the  subcutaneous  inoculation  of  culture  or 
tissue  emulsion  did  not  produce  fatal  or  severe 
disease  : — 


"Virus. 

Dose  of 
Bacilli. 

Number  of 

Calf 
Inoculated. 

Duration  of 
in  Days. 

H  18.  A.D. 

100  mg. 

1175 

81 

(Call  301). 

H  13.  A.D. 

50  mg. 

H77 

110 

(Calf  301). 

H  13.  A.D. 

100  mg. 

1207 

92 

(Call  301). 

H  13.  A.D. 

Tissue 

1237 

52 

(Calf  1175). 

emulsion. 

H  49.  T.C. 

50  mg. 

1213 

80 

(Original 

material). 

H  49.  T.C. 

Tissue 

1263 

91 

(Calf  1213). 

emulsion. 

H  63.  D.H.  (a) 

50  mg. 

1135 

79 

H  53.  D.H.  (a) 

50  mg. 

1435 

94 

H  53.  D.H.  (a) 

50  mg. 

1477 

96 

H  53.   D.H.  (b) 

50  mg. 

1535 

103 

(G.P.  from 

original  ma- 

terial). 

H  60.  W.B. 

50  mg. 

989 

91 

(Meninges). 

H  60.  W.B. 

50  mg. 

1081 

90 

(Lung). 

H68.  R.B. 

100  mg. 

1161 

91 

H  68.  R.B. 

100  mg. 

77* 

156 

H  69.  F.K. 

50  mg. 

1219 

101 

(Mesenteric 

Gland). 

H  72.  H.C. 

50  mg. 

1365 

115 

H  79.  J.N. 

Tissue 

1243 

38 

(Dog  31). 

emulsion. 

H  85.  H.B. 

50  mg. 

1289 

94 

H  89.  W.l. 

50  mg. 

12751 

105 

(Lung). 

H  90.  LP. 

50  mg. 

1383 

92 

(Retro  -  peri- 

toneal Gland). 

H  90.  LP. 

80  mg. 

1471 

90 

(Retro  -  peri- 

toneal Gland). 

H  92.  D.N. 

50  mg. 

1317 

26 

H  100.  R.S. 

100  mg. 

1409 

119 

(G.P.  from 

original  ma- 

terial). 

H  100.  R.S. 

'  50  mg. 

lil9 

122 

(G.P.  from 

original  ma- 

terial). 

H  105.  G.S. 

92  mg. 

1405 

101 

(G.P.  from 

original  ma- 

terial). 

An  adult  cow.  f  Above  the  average  age. 


Viru'j 

Dose  of 
Bacilli. 

1>  LILlllJtJi  (J J. 

Calf 

Tnnr*nlfi  i'.prl 

llJ.I_'t_<  Li  LCI]  Kl\^yXt 

jjuration  oi 

1 '  ."VTIOT.!  m  oil  t 

111  \.ict  y 

H  105.  G.S. 

48  mg. 

1449 

130 

(G.P.  from 

original  ma- 

terial). 

H  107.  H.H. 

50  mg. 

1453 

126 

(G.P.  from 

original  ma- 

terial 

H  107.  H.H. 

80  mg. 

1497 

104 

(G.P.  from 

original  ma- 

terial). 

H  107.  H.H. 

100  mg. 

1505 

101 

(Calf  1453). 

H  107.  H.H. 

50  mg. 

1513 

102 

(Calf  1453). 

H  107.  H.H. 

50  mg. 

1549 

97 

(Calf  1497). 

H  108.  H.R. 

50  mg. 

1417 

125 

(G.P.  from 

original  ma- 

terial). 

H  108.  H.R. 

88  mg. 

1421 

101 

(G.P.  from 

original  ma- 

terial). 

Hill.  S.E. 

50  mg 

1429 

98 

H  111.  S.E. 

50  mg. 

1459 

92 

H  13.  A.D.  (Calf  301)  :  Calf  1175.— The  lung 
contains  discrete,  caseous  tubercles  which  are  com- 
mencing to  calcify  ;  they  contain  few  bacilli  and  are 
obviously  of  the  chronic  type.  In  the  liver  there  are 
several  suspicious  foci  which  cannot  be  called  definite 
tubercles  ;  no  bacilli  have  been  found.  In  the  kidney 
there  is  a  small,  slightly  caseous  area  in  which  one 
bacillus  has  been  found.  The  spleen  contains  caseous, 
circumscribed  tubercles  ;  giant  cells  are  also  present 
outside  these  areas  ;  in  some  of  the  lesions  there  is  a 
moderate  number  of  bacilli.  In  a  popliteal  gland 
several  giant  cells  are  present  and  also  small  caseous 
patches  without  definite  boundaries  ;  bacilli  are  scanty. 

R13.  A.D.  (Calf  301):  Calf  1177.— This  ammid  was 
killed  110  days  after  inoculation.  The  lungs  contain 
small,  obviously  retrogressive,  caseo-calcareous  lesions 
which  are  surrounded  by  a  dense  fibrous  zone  ;  no  bacilli 
have  been  found  in  them.  The  liver  contains  a  few 
suspicious  foci  which  are  not  definite  enough  to  call 
tubercles  ;  no  bacilli  have  been  found.  No  lesions  or 
bacilli  have  been  found  in  the  specimens  of  kidney 
and  spleen.  A  mediastinal  gland  contains  many 
caseous  patches  and  giant  cells  ;  bacilli  are  scanty. 

H  13.  A.D.  (Calf  301):  Calf  1207.— The  specimen 
of  lung  contains  several  lesions  of  the  chronic, 
caseous  type.  In  some  of  these,  bacilli  are  fairly 
abundant.  In  the  liver  there  are  several  sus- 
picious foci  which  cannot  be  described  as  definitely 
tubercular  ;  no  bacilli  have  been  found  in  them.  In 
the  specimen  of  kidney  no  lesions  or  bacilli  have  been 
found.  The  spleen  contains  small  caseous  foci  in 
which  giant  cells  are  present ;  bacilli  are  scanty. 

H  13.  A.D    (Calf  1176):  Calf  1237 —Calf  1237 
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was  inoculated  subcutaneously  with  20  cc.  of  an 
emulsion  of  the  prescapular  gland  of  Calf  1175,  and 
was  killed,  when  very  ill,  52  days  afterwards.  The 
specimen  of  lung  contains  large  patches  of  consolida- 
tion which  are  extensively  caseous.  The  lesions  are 
irregular,  ramifying,  and  apparently  progressive,  but 
have  a  broader  cellular  periphei  y  than  is  usual  in  acnte 
infections ;  bacilli  are  scanty.  The  liver  contains 
many  discrete  caseous  tubercles  which  have  a  fairly 
well  deSned  peripheral  zone  ;  bacilli  are  scanty.  Large, 
extensively  caseous  tubercle?,  containing  few  bacilli, 
are  present  in  the  kidneys.  The  spleen  is  very  exten- 
sively caseous  ;  bacilli  are  found  in  moderate  numbers 
in  all  parts  of  the  specimen.  A  popliteal  gland  con- 
tains large  caseous  lesions ;  bacilli  are  rather  less 
numerous  than  in  the  spleen. 

H  49.  T.C.  {Original  material)  :  Calf  1213.— Th\s 
animal  was  killed,  in  fairly  good  health,  80  days 
after  inoculation.  The  specimen  of  lung  contains 
large,  irregular  patches  of  consolidation  which  are 
partially  caseous  and  contain  numerous  giant  cells  ; 
the  cellular  element  is  much  more  abundant  than  in 
acute  infections,  but  there  is  no  definite  boundary 
zone  at  the  periphery  of  the  infected  areas,  and 
the  lesions  appear  to  be  slowly  progressive  ;  bacilli 
are  scanty.  The  liver  contains  many  minute,  slightly 
caseous  tubercles  and  also  several  isolated  giant 
cells  ;  no  bacilli  have  been  found.  A  slightly 
caseous  tubercle,  in  which  no  bacilli  have  been  found, 
is  present  in  the  specimen  of  kidney.  In  the  spleen 
there  are  fairly  large  patches  of  commencing  caseation, 
containing  giant  cells  ;  bacilli  are  scanty.  A  medias- 
tinal gland  contains  numerous  caseous  areas  and  many 
giant  cells  ;  bacilli  are  scanty  ;  they  sometimes  occur 
within  giant  cells. 

H  49.  T.C.  {Calf  1213):  Ca?/ Specimens  of 
lung,  liver,  kidney,  spleen,  and  a  thoracic  gland  all 
show  caseous  tubercles  of  retrogressive  type  ;  no 
bacilli  have  been  found  in  them. 

H53.  D.H.{a):  CoZ/l-Z55.— In  the  specimen  of  lung 
there  are  small  lesions  of  doubtful  nature  ;  no  tubercle 
bacilli  have  been  found.  No  tubercles  or  bacilli  have 
been  found  in  the  specimens  of  liver  or  kidneys.  In 
the  spleen  there  is  a  small,  caseous  tubercle  in  which 
no  bacilli  have  been  found.  In  a  bronchial  gland 
there  are  several  small  caseous  tubercles  which  are 
surrounded  by  fibroblasts  and  contain  a  few  bacilli. 

H53.  D.U.  (a) ;  Calves  1435  and  1477.— In  the  lungs 
discrete,  centrally  caseous,  and  apparently  retrogressive 
lesions  are  present  ;  bacilli  are  rare.  No  lesions  or 
bacilli  have  been  found  in  the  livers,  kidneys,  and 
spleens.  Caseous  lesions  of  a  chronic  type,  with  few 
bacilli,  are  present  in  a  suprarenal  capsule  and  a 
thoracic  gland  of  Calf  1477. 

H  S3.  D.H.  {h)  :  Calf  1535.— 'No  lesions  or  bacilli 
have  been  found  in  the  specimens  of  lungs,  liver, 
kidneys,  and  spleen.  In  a  bronchial  gland  there  are 
several  tubercles  of  chronic  type  in  which  bacilli  are 
scanty.  In  one  portion  of  the  udder  (right  fore)  there 
are  several  small  tubercles  of  chronic  type.  No  bacilli 
have  been  found  in  them. 

H  60.     W.B.  {Meninges)  :  Calf  The  lungs 

contain  lesions  of  a  chronic  type.  Bacilli  are  fairly 
numerous  in  some  of  the  caseous  patches. 

H  60.  W.B.  {Lung)  :  Calf  iOSi.— Lesions  of  a 
chronic  type  are  present  in  the  lungs  and  contain  giant 
cells  ;  bacilli  are  rare  ;  the  lesions  are  larger  than 
those  usually  produced  by  slightly  virulent  viruses 
after  this  method  of  inoculation.  In  the  liver  there 
are  some  small  suspicious  foci  in  which  no  bacilli  have 
been  found.  In  the  kidneys  there  is  some  interstitial 
change  which  is  probably  not  tubercular  ;  no  bacilli 
have  been  found.  In  a  thoracic  gland  no  lesions  or 
bacilli  have  been  found. 

H  68.    R.B.  :  Calf  Small,  obviously  retro- 

gressive tubercles  are  present  in  the  lungs  ;  no  bacilli 
have  been  found  in  them.  Neither  bacilli  nor  definite 
tubercles  have  been  found  in  the  specimens  of  liver, 
kidneys,  and  a  bronchial  gland. 

H  68.  R.B. :  Cow  77. — Neither  tubercles  nor  tubercle 
bacilli  have  been  found  in  the  following  specimens  : — 
The  four  quarters  of  the  udder  (2  different  pieces 
of  each),  the  lungs,  liver,  kidneys,  spleen,  and  supra- 
renal capsule  (one  specimen  of  each). 


//  60.  F.K.  {Mesenteric  Gland)..:  Calf  1249.— The 
lungs  contain  large  caseous  patches  which  have  a  well 
defined  boundary  zone,  contain  numerous  giant  cells, 
and  in  general  appearance  are  chronic  rather  than 
acute  in  type  ;  bacilli  are  scanty.  The  lesions  in  the 
liver,  and  also  in  a  lumbar  gland,  are  of  similar 
character.  In  caseous  patches  present  in  the  kidney 
no  bacilli  have  been  found. 

H  72.  H.C.  :  Calf  1365.— In  the  lungs  no  definite 
lesions  or  bacilli  have  been  found.  In  the  liver  there 
are  a  few  suspicious  foci  containing  giant  cells,  but  no 
bacilli  have  been  found  in  them.  No  lesions  or  bacilli 
have  been  found  in  the  kidneys  or  spleen.  In  an  iliac 
gland  there  are  a  few  tubercles  of  chronic  type  in 
which  bacilli  are  rare. 

H  79.  J.N.  :  Calf  1243.— Q^Xt  124.3  was  inoculated 
subcutaneously  with  an  emulsion  of  the  spleen  of  Dog 
31  and  was  killed  38  days  afterwards.  The  lungs  show 
thickening  of  the  alveolar  walls  and  many  small  con- 
solidated patches  ;  no  tubercle  bacilli  have  been  found  in 
these  areas  and  they  do  not  possess  the  structure  of 
definite  tubercles,  though  it  is  possible  that  some  of  them 
may  have  been  caused  by  tubercle  bacilli  which  have 
disappeared.  In  the  liver  there  are  several  small, 
suspicious  foci,  in  which  no  tubercle  bacilli  have  been 
found  No  lesions  or  bacilli  have  been  found  in  the 
kidneys.  In  the  spleen  there  are  no  definite  lesions, 
but  one  tubercle  bacillus  has  been  found.  A  mesen- 
teric gland  contains  several  giant  cells  ;  no  bacilli  have 
been  found.  A  mediastinal  gland  contains  a  small 
caseous  patch  in  which  tubercle  bacilli  are  scanty.  In 
a  p  >pliteal  and  a  prepectoral  gland  no  lesions  or  bacilli 
have  been  found.  The  prescapular  gland  on  the  side 
of  inoculation  is  extensively  caseous  ;  the  bacilli  are 
long  and  beaded  and  not  very  numerous.  In  the 
heart  muscle  there  is  a  suspicious  focus  of  cellular 
infiltration,  in  which  no  bacilli  have  been  found.  No 
lesions  or  bacilli  have  been  found  in  a  popliteal  and  a 
prepectoral  gland. 

H  85.  H.B. :  Calf  1289.— No  lesions  or  bacilli  have 
been  found.  The  spleen  and  a  mediastinal  gland 
contain  large  caseo-calcareous  tubercles  in  which  no 
bacilli  have  been  found. 

E  89.  W.L{Lung):  Calf 1275.— In  contrast  to  Calf 
1351  Calf  1275,  though  inoculated  with  50  mg.  of  the 
same  virus,  developed  relatively  slight  disease  and 
was  killed  105  days  after  inoculation.  It  must  be 
observed,  however,  that  Calf  1275  was  18  weeks  old 
when  inoculated,  whereas  Calf  1351  was  only  six 
weeks  old.  The  specimen  of  lung  shows  numerous 
lesions  of  the  chronic  type  ;  they  are  over-run  with 
small  lymphocytes  and  contain  giant  cells  ;  leucocytes 
are  scanty,  and  bacilli  are  rare.  The  liver  shows 
chronic  lesions  which  contain  giant  cells  and  are 
undergoing  fibroid  change  both  at  their  margins  and 
in  the  interior  ;  no  bacilli  have  been  found.  Small, 
chronic  lesions,  in  which  no  bacilli  have  been  found, 
occur  in  the  kidneys.  A  thoracic  gland  contains 
chronic  lesions  in  which  bacilli  are  scanty. 

H  90.  LP.  :  Calf  1383.— The  lungs,  liver,  and 
spleen  show  retrogressive,  caseo-calcareous  tubercles 
in  which  no  bacilli  have  been  found.  In  a  mediastinal 
gland  there  are  caseous  tubercles  of  a  chronic  type  in 
which  bacilli  are  very  rare. 

H  90.  L.P.  :  Calf  1471. — In  the  specimens  of  lungs, 
liver,  kidneys,  and  spleen  no  lesions  or  bacilli  have 
been  found.  In  a  bronchial  gland  there  are  caseous 
tubercles  in  which  bacilli  are  rare. 

H  92.  D.N.:  Calf  1317.— This  animal  died  from 
intercurrent  disease,  2G  days  after  inoculation.  The 
lungs  contain  minute  lesions  which  are  retrogressive 
in  character  but  contain  a  few  bacilli.  The  liver  con- 
tains no  definite  tubercles,  and  no  tubercle  bacilli 
have  been  found  in  it.  The  specimen  of  kidney 
shows  interstitial  nephritis  but  contains  neither 
tubercles  nor  tubercle  bacilli.  Two,  giant  cells,  but 
no  tubercle  bacilli,  have  been  found  in  the  spleen. 
Collections  of  blue  bacilli  occur  in  several  of  the 
specimens,  including  a  lumbar  gland. 

H  100.  M.S.  {Original  material)  :  Calf  1409.— In 
the  lungs  there  are  moderately  large  areas  showing 
slight  caseation.  The  lesions  are  quiescent  in 
character,  though  perhaps  not  definitely  retrogressive, 
and  contain  only  a  few  bacilli.    In  the  liver  there 
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are  a  few  suspicious  foci  but  no  definite  tubercles 
and  no  bacilli.  No  lesions  or  bacilli  have  been  found 
in  the  kidneys  or  spleen.  In  a  bronchial  gland 
there  are  chronic,  caseous  tubercles  in  which  bacilli 
are  scanty. 

H  100.  E.S.  (Original  material) :  Calf  1419.— 
In  the  lungs,  liver,  spleen,  and  a  bronchial  gland, 
there  are  large,  discrete  tubercles  which  are  chronic  or 
retrogressive  in  character  and  contain  few  bacilli.  No 
lesions  or  bacilli  have  been  found  in  the  kidneys  or 
spleen. 

H  105.  G.S.  (Original  material)  :  Calf  1405.— In 
the  lungs  there  are  extensive,  ramifying  lesions 
which  have  undergone  fibro-calcareous  change  ;  no 
bacilli  have  been  found.  In  the  liver  there  are  many 
small,  retrogressive  tubercles  filled  with  lymphocytes 
and  leucocytes  and  containing  giant  cells  ;  no  bacilli 
have  been  found.  Similar  lesions  are  present  iu  the 
kidneys.  The  spleen  contains  large  calcareous  lesions 
of  a  chronic  type  ;  bacilli  are  very  scanty.  In  a 
mediastinal  gland  there  are  extensive  fibro-calcareous 
tubercles  resembling  those  found  in  the  lungs.  A 
haemolymph  gland  shows  calcareous  tubercles  in 
which  no  bacilli  have  been  found. 

H  105.  G.S.  (Original  material)  :  Calf  1449.— The 
lungs  contain  a  few  small,  retrogressive  tubercles  in 
which  no  bacilli  have  been  found.  No  lesions  or 
bacilli  have  been  found  in  the  specimens  of  liver, 
kidneys,  and  spleen.  A  popliteal  gland  contains  a 
large  caseo-calcareous  tubercle  in  which  bacilli  are  rare. 

H  107.  H.E.  (Original  material)  :  Calf  1453.— Iw 
the  lungs  there  is  a  large  retrogressive  tubercle  show- 
ing marked   fibroid  change  ;  no  bacilli  have  been 


found  in  it.  No  lesions  or  bacilli  have  been  found 
in  the  specimens  of  liver,  kidneys,  spleen,  and  a 
thoracic  gland. 

H  107.  H.H.  (Original  material)  :  Calf  1497.— 'No 
lesions  or  bacilli  have  been  found  in  the  specimens 
of  lungs,  liver,  kidneys,  and  spleen.  In  a  mediastinal 
gland  there  are  caseous  tubercles  of  a  chronic  type  in 
which  bacilli  are  scanty.  In  the  muscle  of  the  right 
auricle  there  is  a  small  tubercle  which  is  infiltrated 
with  lymphocytes  and  is  evidently  retrogressive, 
though  a  few  bacilli  have  been  found  in  it. 

H  107.  H.H. :  Calves  1505,  1513,  and  1549.— No 
lesions  or  bacilli  have  been  found  in  the  specimens  of 
Calf  1505.  In  Calf  1513  suspicious  foci,  with  no 
bacilli,  have  been  found  in  the  lungs  ;  neither  lesions 
nor  bacilli  have  been  found  in  the  liver,  kidney,  and 
spleen  ;  chronic  lesions,  with  scanty  bacilli  have  been 
found  in  a  mediastinal  gland  and  in  the  right  auricle. 
In  Calf  1549  chronic  lesions,  containing  few  bacilli, 
have  been  found  in  the  lungs,  liver,  right  auricle, 
udder,  and  a  mediastinal  gland. 

H  108.  H.R.  (Original  material)  :  Calves  1417  and 
1421. — In  specimens  of  lungs,  liver,  kidneys,  and  spleen 
of  the  two  animals  neither  lesions  nor  bacilli  have 
been  found.  A  popliteal  gland  of  the  former  and  a 
bronchial  gland  of  the  latter  show  chronic  tubercles  in 
which  bacilli  are  rare. 

H  111.  S.E.  :  Calves  1429  and  1459.— In  the 
former  animal  the  lungs  show  a  few  minute  foci 
filled  up  with  lymphocytes,  and  there  are  some 
suspicious  foci  in  the  spleen  ;  no  bacilli  have  been 
found.  The  latter  animal  shows  acute  nephritis,  not 
associated  with  tubercle  bacilli.  In  the  lungs  there  are 
a  few  tubercle  bacilli  but  no  definite  lesions. 


General  Results. 


The  histological  details  of  these  experiments  upon 
calves  correspond  with  those  already  recorded  in  my 
previous  Report  on  the  lesions  produced  in  calves 
inoculated  subcutaneously  with  large  doses  for  the 
purpose  of  emphasising  differences  in  bacterial 
virulence.  The  inoculations  followed  by  rapidly 
fatal  effects  have  caused  lesions  which,  with  a  few 
slight  exceptions,  are  typical  of  this  acute  type  of 
tuberculosis.  They  include  three  calves  inoculated 
with  the  sputum  viruses  H  127.  R.R.  and  H  128.  D.D. 

The  inoculations  with  less  virulent  material  have, 
as  rule,  produced  lesions  relatively  few  in  number, 
small  in  size,  and  chronic  or  retrogressive  in  character. 
But  in  some  cases  more  severe  disease  has  been  pro- 
duced. Calf  1237  (H  13.  A.D.),  for  example,  shows 
extensive  disease  of  the  lungs  and  the  general 
condition  of  this  and  other  oi'gans  indicates  a  degree 
of  infection  intermediate  between  the  acute  and  the 
chronic.  Calf  1213  (H  49.  T.C.)  also  exhibits  lesions 
of  an  intermediate  type,  the  disease  being  perhaps 
not  quite  so  severe  as  in  Calf  1237. 

Special  attention  may  be  called  to  the  irregularity 
of  the  results  obtained  with  certain  viruses. 

H.  49.  I.e.  Two  calves  (1213  and  1501)  were 
inoculated  each  with  50  mg.  of  culture  (from  original 
material)  ;  in  the  latter  the  disease  was  definitely 
acute ;  in  the  former  it  was  less  acute  and  may  be 
described  as  being  of  intermediate  severity.  A  tissue 
emulsion  from  Calf  1213  produced  only  a  mild  type 
disease  in  Calf  1263  ;  but  50  mg.  of  culture  from 
Calf  1263  produced  acute  disease  in  Calf  1347.  The 
dose  of  bacilli  contained  in  a  tissue  emulsion  is  much 
less  than  in  50  mg.  of  culture,  and  ic  is  known  that 
tissue  emulsions  containing  highly  virulent  bacilli  do 
not  necessarily  produce  severe  disease  in  calves  ;  there 
is  therefore  nothing  particularly  unusual  about  the 
mildness  of  the  infection  in  Calf  1263.  Omitting  this 
case,  the  amount  of  discrepancy  in  the  other  results  is 
only  slight,  and  may  be  summed  up  by  saying  that 
the  virulence  of  H.  49.  T.C.  is  high,  but  less  uniformly 
high  than  that  of  a  typical  bovine  virus. 

//  53.  D.H.  Material  from  the  patient  yielding 
this  virus  was  obtained  on  two  separate  occasions. 
The  first  material    (a)    yielded  bacilli  possessing 


relatively  low  virulence  for  the  bovine  (Calves  1135, 
1435,  and  1477).  The  second  material  (b),  obtained 
3  years  and  8  months  later,  proved  to  be  of  high 
bovine  virulence  in  two  instances  (Calves  1507  and 
1545),  and  of  low  bovine  virulence  in  another  (Calf 
1535). 

H  60.  W.B. — The  bacilli  from  the  bronchial  gland 
of  the  human  subject  yielding  this  virus  were  of  high 
bovine  virulence  (Calves  1099,  1107,  and  1109)  ;  but 
bacilli  from  other  tissues  of  the  same  case  (meninges 
and  lungs)  were  of  low  virulence  for  the  bovine. 

H  69.  F.K. — Bacilli  derived  from  the  human 
meninges  of  this  case  produced  acute  disease  (Calf 
1267)  ;  but  the  bacilli  from  the  mesenteric  gland 
produced  only  mild  infection  (Calf  1249). 

H  89.  W.I. — This  virus  produced  severe  disease  in 
one  animal  (Calf  1351)  and  mild  disease  in  another 
(Calf  1275),  which  was,  however,  12  weeks  older. 

H90.  LP.— Two  calves  (1383  and  1471)  inocu 
lated  with  bacilli  obtained  from  a  retro-peritoneal 
gland  of  the  human  subject  showed  only  slight 
disease,  but  a  culture  from  the  former  calf  produced 
severe  disease  in  Calf  1489,  and  a  culture  from  Calf 
1471  produced  severe  disease  in  Calf  1493. 

H.  100.  R.S.— In  Calves  1409  and  1419  lesions  of 
a  chronic  type  were  produced  by  cultures  from  the 
original  material  ;  but  in  Calf  1523  culture  from  the 
same  source  produced  acute  infection.  A  culture  from 
Calf  1409  produced  acute  infection  in  Calf  1543  ;  and 
a  culture  from  Calf  1419  produced  the  same  result  in 
Calf  1517. 

//  105.  G.S. — Cultures  from  original  material 
produced  mild  infection  in  Calves  1453  and  1497.  A 
culture  from  Calf  1497  produced  disseminated  lesions 
of  chronic  type  in  Calf  1549.  A  culture  from  Calf 
1453  produced  only  slight  infection  in  Calves  1505 
and  1513  but  typically  acute  disease  in  Calf  1519. 

//  lOS.  //.Z?.— Cultures  from  original  material 
produced  only  slight  infection  in  Calves  1417  and 
1421.  But  a  culture  from  Calf  1417  produced 
typically  acute  infection  in  Calf  1539  ;  and  a  culture 
from  Calf  1539  produced  a  similar  result  in  Calf  1509. 
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Histology — Human  Vieuses  in  Bovines. 


(c)  Additional  Intravenous  Inoculations. 
(1.) 

VIRUS-H  53.  D.H. 
Animal  Inoculated.— Calf  1391. 


Calf  1391  was  inoculated  intravenously  with  1  mg. 
of  culture  of  H  53.  D.H.  (a),  and  was  killed,  when 
moribund,  40  days  afterwards. 

Lungs. 

The  specimen  of  lung  is  almost  completely  solidified. 
There  are  several  small  patches  of  commencing  casea- 
tion, but  the  amount  of  tissue  destruction  is  less  than 
after  typical  infection  with  highly  virulent  bacilli. 
Bacilli  are  very  abundant. 

Liver. 

No  tubercles  or  bacilli  have  been  found. 


Kidneys. 

There  is  one  small  focus  in  which  a  few  bacilli  are 
deposited. 

Spleen. 

One  minute  lesion,  containing  one  bacillus,  has  been 
found. 

Mediastinal  Gland. 

There  are  many  caseous  areas  in  which  bacilli  are 
very  plentiful. 


Summary. 

The  severe  infection  of  the  lungs  is  sufficient  to  account  for  death  ;  most  of  the  bacilli  seem  to  have  been 
limited  to  the  thorax. 


(2.) 

VIRUSES-H81.   P.W.  andH83.  G.C. 
Animal  Inoculated.— Cow  61. 


Cow  61  was  inoculated  (1)  subcutaneously  with  Mediastinal  Gland. 

100  mg.  of  culture  of  H  81.  P.W.,  and  (2)  90  days  ,     ,  , 

later,  intravenously  with  150  mg.  of  culture  of  H  83.     ,        tubercles  have  been  found,  but  there  is  one 
G.C.    The  animal  was  killed,  in  good  health,  529  days    ^^irly  large  group  of  bacilli, 
after  the  second  inoculation. 


Lungs.  " 

The  specimen  contains  many  caseous  tubercles  which 
are  of  various  sizes  and  are  collected  in  groups. 
The  periphery  of  the  tubercles  is  vascular,  shows  a 
broad  zone  of  lymphocytes,  and  contains  relatively 
little  fibrous  tissue.  Bacilli  occur  in  most  of  the 
lesions  in  moderate  numbers,  and  are  not  confined 
to  the  central  areas  of  caseation. 

Liver, 

No  tubercles  have  been  found,  but  there  is  a  small 
group  of  bacilli  within  one  of  Glisson's  capsules. 

Spleen. 

There  are  no  lesions  in  the  specimen  examined,  but 
two  bacilli  have  been  found. 


Supramammary  Gland. 

The  gland  is  very  extensively  caseous.  Bacilli  are 
rather  scanty. 

Udder. 

Specimens  from  each  of  the  four  quarters  have  been 
examined  and  have  all  been  found  to  contain  tubercles. 
The  tubercles  vary  in  size  from  small  lesions  at  the 
commencement  of  caseation  to  large  and  almost  com- 
pletely caseous  lesions.  Some  of  the  tubercles  are 
centrally  calcareous.  Fibrous  elements  and  plasma 
cells  are  abundant  at  the  periphery  of  the  lesions.  In 
most  of  the  lesions  tubercle  bacilli  are  very  numerous. 
In  addition  to  abundant  groups  of  bacilli  in  the 
caseous  areas  there  are,  in  many  situations,  large 
numbers  of  intracellular  bacilli  in  the  peripheral  zones. 


Summary. 

The  udder  contains  very  large  numbers  of  bacilli  which  have  produced  caseous  tubercles  of  a  chronic 
type.  The  lungs  contain  many  caseous  tubercles.  Bacilli,  but  no  tubercles,  have  been  found  in  the 
specimens  of  liver,  spleen,  and  a  mediastinal  gland. 


(3.) 

VIRUS-H  85.  H.B. 
Animal  Inoculated.— Calf  1373. 


Calf  1373  was  inoculated  intravenously  with  10  mg. 
of  culture  of  H  85.  H.B.  (from  original  material),  and 
was  killed,  when  moribund,  28  days  afterwards. 


Lungs 

There  are  large  patches  of  consolidation  which  are 
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crowded  with  leucocytes  ;  they  are  not  caseous  and 
not  typical  of  tubercular  pneumonia.  Tubercle  bacilli 
are  not  uniformly  distributed  but  are  numerous  in 
many  places  and  are  evidently  multiplying. 

Liver. 

The  liver  contains  numerous  progressive,  necrotic 
areas  in  which  bacilli  are  rather  scanty. 

Kidneys. 

There  are  many  small  patches  showing  an  inter- 


stitial infiltration  of  lymphocytes,  leucocytes,  and 
plasma  cells.   In  these  areas  bacilli  are  fairly  plentiful. 

Spleen. 

Bacilli  are  distributed  about  the  tissue  in  rather 
scanty  numbers  ;  there  are  a  few  very  minute  caseous 
patches,  but  in  most  places  the  bacilli  have  produced 
no  tissue  change. 

Mediastinal  Gland. 

Bacilli  are  very  plentiful.  There  are  patches  of 
slight  caseation,  but  bacilli  often  occur  in  large 
numbers,  both  in  the  cortical  and  medullary  areas,  ia 
situations  where  there  is  very  little  tissue  change. 


Summary. 

The  lungs  are  in  a  condition  of  pneumonia  and  contain  tubercle  bacilli  in  large  numbers.  In  other 
organs  bacilli  are  present  but  relatively  scanty. 


II.-LESIONS  IN  RABBITS. 

(a)  Lesions  Produced  by  Various  Viruses. 


Rabbits  Inoculated  with  Human  Viruses. 


Virus  In- 
oouiated. 

Dose, 

Mode  of 
Inoculation. 

No.  of 
Rabbit. 

Duration 
of  Experi- 
ment in 
Days.* 

H  49. 
T.C. 

(Original 
material). 

•1  mg. 

Intra- 
venous. 

1181 

D  31 

H  75. 
A.H. 

1  mg. 

Intra- 
venous. 

1205 

K  101 

H.  77. 
R.L. 

•1  mg. 

Intra- 
venous. 

1240 

D  23 

H  78. 
O.D. 

1  mg. 

Intra- 
venous. 

1212 

D  28 

H.  78. 
O.D, 

1  mg. 

Intra- 
venous. 

121.-, 

D  18 

H  79. 
J.N. 

Tissue 
Emul- 
sion. 

Intra- 
peritoneal. 

1175 

K  93 

H  79. 
J.N. 

1  mg. 

Intra- 
venous. 

1748 

D  27 

HSS. 
H.B. 

•1  mg. 

Intra- 
venous. 

1496 

D  48 

H  87. 
W.D. 

10  mg. 

Intra- 
venous. 

1342 

D  26 

*  K  =  Killed.       D  =  Found  dead. 


H  49.  I.e.  {_Original  material)  :  Rabbit  llSl.— 
The  specimen  of  lung  is  almost  completely  solidified 
and  exhibits  irregular  patches  of  caseation.  In  some 
of  these  there  are  large  masses  of  bacilli  but  in  the 
majority  bacilli  are  not  very  numerous.  The  specimen 
is  typical  of  advanced  tubercular  pneumonia  and  is 
acute  in  type  ;  perhaps  there  is  rather  less  necrosis 
than  would  be  met  with  in  very  acute  infection.  In 
the  liver,  tubercular  foci  are  distributed  throughout 
the  tissue  in  large  numbers.  They  have  no  limiting 
zone  of  cells,  but  contain  numerous  giant  cells  and  are 
less  necrotic  than  is  usual  in  highly  acute  infection. 
Bacilli  are  scanty.  Numerous  tubercles  are  present 
in  the  kidneys,  and  some  of  them  are  commencing  to 
caseate.  Except  in  the  caseous  foci,  bacilli  are  not 
numerous.  A  bronchial  gland  is  extensively  caseous 
and  contains  large  numbers  of  bacilli. 

H  75.  A.H. :  Rabbit  1205.— The  specimen  of  lung  is 
nearly  completely  solidified  and  contains  extensive 
patches  of  caseation  ;  within  the  caseous  areas  bacilli 
are  found  ia  fairly  large  numbers,  but  are  scattered 
about  singly  and  not  growing  into  groups  ;  amongst 
the  cellular  periphery  of  the  lesions  bacilli  are  found 
but  are  less  numerous  ;  the  general  characters  of  the 
specimen  indicate  infection  of  a  slowly  progressive 


type.  The  liver  contains  a  few  suspicious  foci  but  no 
definite  tubercles  ;  no  bacilli  have  been  found.  In  the 
specimen  of  kidney  there  is  a  large  caseous  lesion,  in 
the  centre  of  which  bacilli  have  multiplied  very 
abundantly.  No  lesions  or  bacilli  have  been  found  in 
the  spleen. 

H  77.  R.L. :  Rabbit  1246.— The  lungs  are  packed 
with  miliary  tubercles  which  are  centrally  caseous, 
are  becoming  confluent,  and  contain  large  numbers  of 
bacilli.  A  few  bacilli  have  been  found  within  blood- 
vessels. The  liver  is  riddled  with  caseating  miliary 
tubercles  containing  numerous  bacilli.  In  the  kidneys 
there  are  numerous  tubercles,  which  are  less  advanced 
than  those  in  the  lungs  and  liver  and  contain  fewer 
bacilli.  They  are  invaded  with  lymphocytes  and 
leucocytes  and  are  only  slightly  caseous.  They 
appear  to  have  origmated  in  the  interstitial  tissue 
between  the  tubules.  Bacilli  are  distributed  through- 
out the  spleen  in  large  numbers  and  have  produced' 
areas  of  early  caseation.  The  heart  muscle  (left 
ventricle)  and  a  thigh  muscle  show  small  deposits  of 
bacilli  between  the  muscle  fibres.  The  bacilli  have 
led  to  partial  disappearance  of  the  muscle  substance, 
the  formation  of  fibroblasts,  and  an  infiltration  of 
lymphocytes.  In  the  marrow  of  a  thigh  bone  bacilli 
are  abundant  and  have  produced  early  caseation. 

II  7S.  O.D. :  Rabbit  1212.— Tha  lungs  are  crowded 
with  semi-confluent,  miliary,  caseous  tubercles,  in  which 
bacilli  are  fairly  numerous,  but  much  less  numerous 
than  after  intravenous  inoculation  with  highly 
virulent  bacilli  ;  bacilli  are  also  present  in  all  parts  of 
the  tissue  apart  from  the  tubercles.  In  the  liver  there 
are  several  small  foci  which  are  not  definite  enough  to 
be  called  tubercles  but  consist  of  small  collections  of 
lymphocytes  and  leucocytes  amongst  slightly  disinte- 
grated liver  cells  ;  bacilli  are  found  in  some  of  these 
situations  but  are  rare.  In  the  kidney  there  are  small,^ 
slightly  caseous  tubercles  containing  few  bacilli.  A 
bronchial  gland  contains  some  small  groups  of  bacilli 
and  shows  early  caseation. 

H  78.  O.D.:  Rabbit  1215.— The  tissue  of  the 
lungs  is  almost  completely  solidified.  Caseation  is 
commencing  in  all  parts  of  the  section  but  has 
not  progressed  very  far,  and  the  total  amount  of 
tissue  destruction  is  not  great.  Bacilli  are  present  in 
all  parts  of  the  tissue  but  generally  occur  singly. 
They  have  evidently  not  been  able  to  multiply  freely. 
Bacilli  are  present  in  small  numbers  in  all  parts  of 
the  liver.  They  have  caused  partial  necrosis  of  tbo 
parenchymatous  cells,  a  swelling  and  increase  of  the 
endothelial  elements,  and  an  infiltration  of  leucocytes. 
Giant  cells  are  very  numerous.  Many  of  them  appear 
to  have  been  formed  in  the  substance  of  the  partially 
disintegrated  parenchymatous  cells.  In  the  kidneys 
there  are  numerous  small  patches  of  interstitial  infil- 
tration in  which  tubercle  bacilli  are  present  in  scanty 
numbers.  A  bronchial  gland  contains  many  caseous 
areais  in  which  bacilli  are  fairly  numerous. 

II  79.  J. IS/. :  Rabbit  1175.— This  animal  was  killed 
93  days  after  intraperitoneal  inoculation  with  a  tissue 
emulsion  from  a  guinea-pig  inoculated  with  the 
human  lung.     The  lungs  show  partial  consolidation. 
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irregular  in  distribution  and  containing  caseous 
patches ;  in  a  few  places,  in  the  older  parts  of  the 
lesions,  the  bacilli  have  grown  into  small  clumps,  but 
elsewhere  bacilli  are  scanty.  In  the  liver  there  are 
many  minute,  slightly  caseous  tubercles  containing 
giant  cells  ;  bacilli  are  rare.  In  the  medullary  part 
of  the  kidney  there  is  a  patch  of  non-caseous  cellular 
infiltration  containing  a  few  bacilli.  The  spleen  con- 
tains a  few  patches  of  very  slight  caseation  ;  in  some 
of  these  one  or  two  bacilli  are  found. 

H  79.  J.N. :  Rabbit  1748.— The  lungs  are  congested 
and  contain  many  small,  non-caseous  patches  of  con- 
solidation ;  in  these  areas  bacilli  are  very  abundant 
and  have  sometimes  assumed  a  rosette  formation. 
The  liver  is  swarming  with  bacilli,  which  have  pro- 
duced numerous  rosette  formations  strongly  suggestive 
of  the  avian  bacillus.  In  the  kidneys  there  are  a  few 
small  clusters  of  bacilli,  which  again  have  a  tendency 
to  assume  the  rosette  form.  The  spleen  is  very 
densely  crowded  with  bacilli,  forming  abundant 
colonies  and  rosettes.  The  resemblance  to  the  avian 
type  of  infection  in  the  tissues  of  this  animal  is  very 
strange.* 

H85.  H.B. :  Babbit  1496.— The  lung  is  almost  com- 
pletely solidified  and  contains  some  caseous  patches. 
Bacilli  are  very  abundant  in  these  caseous  areas,  but  in 
the  rest  of  the  tissue,  though  fairly  numerous,  they  are 
much  less  abundant  than  in  typical  highly  acute 
infection  ;  some  bacilli  are  present  within  blood- 
General 

The  above  histological  details  illustrate  different 
degrees  of  severity  of  the  infective  process  in  rabbits, 
particularly  after  intravenous  inoculation. 

Thus,  H.  77.  R.L.,  which  is  equal  in  virulence  to  a 
bovine  virus,  in  an  intravenous  dose  of  0"1  mg.  of 
culture  produced  death  in  23  days  with  typically  acute 
disease  and  abundant  multiplication  of  bacilli.  With 
the  same  intravenous  dose  H  49.  T.C.  and  H.  85.  H.B. 
produced  death  in  31  and  48  days,  respectively ;  the 
infections  may  be  described  as  acute,  but  there  is 
rather  less  tissue  destruction  and  rather  less  abundant 


vessels ;  leucocytes  are  very  abundant  and  are  collected 
round  the  groups  of  bacilli.  The  liver  contains 
many  caseous  patches,  obviously  acute  in  type,  and 
tending  to  become  confluent  ;  they  contain  numerous 
bacilli  ;  though  the  infection  is  undoubtedly  acute,  the 
liver  does  not  show  very  advanced  necrotic  changes. 
The  kidneys  contain  many  caseating  lesions  ;  they  have 
an  abundant  cellular  periphery  but  contain  numerous 
bacilli  and  are  evidently  progressive.  The  spleen  con- 
tains numerous  semi-confluent  caseous  areas  in  which 
bacilli  are  plentiful.  A  bronchial  gland  is  very 
extensively  caseous  and  contains  enormous  numbers  of 
bacilli. 

H87.W.D.:  Rabbit  1342.— The  lungs  show  great 
thickening  of  the  alveolar  walls  and  contain  many 
patches  of  incomplete  consolidation,  formed  by  the 
partial  amalgamation  of  circular,  slightly  caseous 
tubercles  ;  within  the  tubercles  bacilli  occur  in  small 
numbers,  but  where  the  thickened  alveolar  walls  do 
not  show  definite  tubercle  formation,  bacilli  are  only 
found  occasionally.  The  liver  shows  small  caseous 
tubercles  and  minute  foci  of  cellular  infiltration  which 
have  not  become  caseous  ;  bacilli  are  present  in  the 
lesions  in  small  numbers.  The  kidneys  contain  many 
small  lesions  which  are  not  caseous  but  contain 
numerous  wandering  cells,  the  lymphocytes  being  in 
excess  of  the  leucocytes  ;  in  these  lesions  bacilli  are 
numerous ;  it  is  unusual  to  find  bacilli  so  plentiful  in 
lesions  of  this  type  which  do  not  show  caseous 
degeneration. 

Results. 

multiplication  of  bacilli  than  in  very  acute  cases. 
With  the  larger  intravenous  dose  of  1  mg.  H  78.  O.D. 
produced  death  in  18  days  in  one  rabbit  and  death  in 
28  days  in  another  ;  there  is  extensive  disease,  parti- 
cularly in  the  lungs  of  the  two  animals,  but  the 
multiplication  of  bacilli  is  distinctly  less  than  with 
more  virulent  viruses.  In  Rabbit  1205,  after  the 
same  intravenous  dose  of  H.  75.  A.H.,  the  duration 
of  life  was  much  longer  ;  the  animal  was  killed  101 
days  after  inoculation  and  then  showed  extensive 
disease  of  the  lungs  of  a  slowly  progressive  type. 


(b)  Early  Stages  of  the  Infective  Process  after  Intravenous  Inoculation. 


Dr.  A.  S.  Griffith  inoculated  a  series  of  rabbits 
(Rabbits  1567-71)  with  a  culture  of  human  bacilli 
(H  90.  I.P. — Strain:  —  G.P.  from  Retro-peritoneal 
Gland.)  The  inoculations  were  made  intravenously 
with  a  dose  of  1  mg.  One  animal  was  killed  at  each 
of  the  following  periods  after  inoculation:  — 24  hours, 
3  days,  5  days,  8  days,  and  14  days. 

Lungs. 

24  hours. — The  lung  capillaries  are  slightly  swollen 
and  a  few  small  clumps  of  bacilli  are  found  entangled 
in  them.  Isolated  bacilli  are  also  occasionally  found 
in  the  alveolar  wails.  Small  lymphocytes  are  slightly 
in  excess  of  the  normal.  Leucocytes  are  more 
definitely  in  excess  and  often  occur  in  small  groups. 
Though  some  of  the  deposits  of  bacilli  are  not 
associated  with  leucocytes,  these  cells  are  often 
found  collected  in  the  neighbourhood  of  bacilli  and 
sometimes  contain  bacilli  in  their  interior. 

S  days. — There  is  increased  congestion  of  the  capil- 
laries. Deposits  of  bacilli  occur  in  twos  and  threes, 
and,  though  not  abundant,  are  rather  less  scanty  than 
in  the  former  specimen.  Where  the  bacilli  occur,  the 
endothelial  and  epithelial  cells  are  often  swollen  and 
stain  less  sharply  than  normal,  an  appearance  which  can 
be  detected  with  a  low  power.  Lymphocytes  are  in 
excess  of  the  normal,  but  leucocytes  are  not  numerous, 
being  distinctly  fewer  than  in  the  former  specimen. 
A  few  bacilli  have  been  found  within  leucocytes. 


.5  days. — The  general  thickening  of  the  alveolar 
walls  is  more  pronounced,  and  there  is  a  catarrhal 
exudate  in  many  of  the  alveoli.  There  is  also  a 
general  increase  in  the  number  of  bacilli.  Leucocytes 
are  more  numerous  than  in  the  last  specimen  and  are 
generally  distributed,  both  in  proximity  to  the  bacilli 
and  elsewhere  ;  a  few  bacilli  have  been  found  actually 
within  leucocytes.  The  swelling  and  partial  disinte- 
gration of  the  endothelial  and  epithelial  cells  is  more 
marked  than  in  the  last  specimen.  There  is  no 
increase  in  the  number  of  lymphocytes.  Many  of  the 
bacilli  have  increased  in  length  and  in  several  places 
there  is  evidence  of  multiplication. 

8  days. — The  lesions  have  expanded  and  are  more 
numerous.  Their  centre  consists  of  swollen  and 
partially  disintegrated  epithelial  and  endothelial  cells 
with,  sometimes,  the  addition  of  a  few  leucocytes.  At 
the  periphery  there  is  a  zone  of  leucocytes  and 
lymphocytes,  the  latter  cells  being  more  numerous. 
The  bacilli  have  increased  in  number  ;  a  small 
proportion  of  them  have  been  found  within  leucocytes. 

14  days. — There  is  no  increase  in  the  lesions  as 
compared  with  the  last  specimen,  and  the  number  of 
bacilli  which  they  contain  shows  a  diminution.  Small 
lymphocytes  have  increased  in  number  and  are  present 
in  the  interior  as  well  as  at  the  periphery  of  the 
lesions.  Leucocytes  are  scattered  about  the  lesions  in 
small  numbers  ;  a  few  have  been  found  containing 
bacilli. 


I  have  called  Dr.  A.  S.  Griffith's  attention  to  this  result.  It  appears  that  in  a  calf  inoculated  with  H  79.  J.N.  a 
suspicious  focus  was  found  in  a  mesenteric  gland.  Prom  this  focus  an  avian  bacillus  was  isolated  and  was  inoculated  into 
Rabhit  1748. 


Histology — Human  Viruses  in  Rabbits. 
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Livers. 

24  hours. — About  half  a  dozen  deposits  of  one  or 
iwo  bacilli  bave  been  found.  Most  of  these  are 
contained  within,  or  closely  applied  to,  liver  cells,  the 
nuclei  of  which  are  distorted  and  stain  more  deeply 
and  diffusely  than  usual.  In  a  few  of  the  cases,  the 
adjacent  endothelial  cells  show  similar  changes  of  their 
nuclei.    Two  bacilli  have  been  found  within  leucocytes. 

3  days. — There  is  no  increase  in  the  number  of 
bacilli,  which  are  rare  and  difficult  to  find.  In  one 
place  two  bacilli  have  been  found  in  a  small  area 
consisting  of  the  fusion  of  a  few  endothelial  cells  and 
liver  cells  ;  the  nuclei  of  these  cells  are  distorted  and 
stain  diffusely.  In  another  place  there  is  a  similar  but 
rather  larger  area  containing  a  few  bacilli ;  into  this 
area  several  small  lymphocytes  have  penetrated  but  no 
leucocytes.  Very  few  leucocytes  have  been  found 
attacking  bacilli. 

S  days. — Bacilli  are  very  scanty ;  a  few  have  been 
found  within  endothelial  cells  and  within  liver  cells. 
A  few  of  the  endothelial  cells  containing  bacilli  show 
multiplication  of  their  nuclei  by  direct  division. 
Leucocytes  are  not  numerous  and  show  no  relationship 
to  the  bacilli. 

8  days. — Bacilli  are  distributed  about  the  tissue  in 
greater  numbers  than  in  former  specimens,  and  have 
produced  minute  lesions  which  are  recognisable  under 
a  low  power.  In  most  of  these  lesions  bacilli  are 
scanty  (three  or  four  in  each),  but  in  a  few  they  are 
more  numerous  and  show  signs  of  having  multiplied  ; 
as  many  as  60  bacilli  have  been  counted  in  one  lesion 
the  size  of  the  microscopic  field  (oil-immersion  lens). 
The  lesions  are  formed  by  a  fusion  of  a  few  con- 
tiguous liver  cells  and  endothelial  cells  and  a  multi- 
plication, by  direct  division,  of  the  nuclei  of  both 
these  types  of  cells  but  mainly  of  the  endothelial 
cells.  In  the  smaller  lesions,  containing  very  few 
bacilli,  the  increase  of  nuclei  is  only  slight,  but  the 
largest  lesions  are  filled  with  nuclei  derived  from  the 
sources  mentioned.  A  few  small  lymphocytes  are 
present  in  some  of  the  lesions.  Leucocytes  are  nearly 
always  present,  but  in  variable  numbers,  not  exceed- 
ing about  a  dozen  in  the  largest  lesions.  In  the 
lesion  containing  about  60  bacilli  some  of  the  leuco- 
cytes contain  bacilli  and  some  broken  down  leuco- 
cytes are  also  present  amongst  the  bacilli.  There 
are  a  few  cells  which  give  a  .slight  reaction  to  Pappen- 
heim's  stain,  but  no  unmistakable  plasma  cells  have 
been^found. 


14  days. — There  are  numerous  lesions  which  are 
larger  than  those  in  the  last  specimen  and  are 
characterised  by  a  slight  disintegration  of  the  epi- 
thelial and  endothelial  cells  and  a  tendency  to  the 
multiplication  of  their  nuclei  by  direct  division. 
These  cells  also  show,  occasionally,  a  mitotic  figure. 
Bacilli  are  scattered  about  the  lesions  in  small  numliers. 
Groups,  indicating  recent  division,  are  rarely  found. 
Small  lymphocytes  have  invaded  the  lesions  in  larger 
numbers  than  in  the  last  specimen,  whereas  leucocytes 
are  rarer  and  none  have  been  found  containing  bacilli. 

Kidneys. 

A  few  bacilli  have  been  found  in  each  of  the 
specimens  (about  half  a  dozen  in  each  section).  They 
occur  in  the  interstitial  tissue,  with  the  exception  of 
one  found  in  a  blood-vessel,  and  are  not  associated 
with  any  definite  lesions. 

Spleens. 

24  hours. — Bacilli  are  scattered  about  the  tissue  in 
small  numbers  and  generally  occur  singly.  Leuco- 
cytes are  very  abundant,  but  very  few  have  been  found 
which  contain  bacilli. 

3  days. — Bacilli  are  present  in  scanty  numbers. 
There  is  no  increase  as  compared  with  the  last 
specimen,  but  a  few  of  them  have  become  longer. 
Leucocytes  are  very  numerous,  though  not  quite  so 
abundant  as  in  the  last  specimen  ;  they  are  more 
frequently  found  in  close  proximity  to  bacilli,  and 
a  few  have  been  found  with  bacilli  in  their  interior. 

•5  days. — There  is  no  appreciable  increase  in  the 
number  of  bacilli,  and  no  more  have  been  found 
within  leucocytes  ;  these  cells  are  not  quite  so 
numerous  as  in  the  last  specimen. 

8  days. — Bacilli  are  scattered  about  singly  and  show 
no  appreciable  increase  in  number.  They  are  often 
associated  with  a  swelling  up  of  the  nuclei  of  endo- 
thelial cells.  There  are  many  large  groups  of  leuco- 
cytes, but  no  bacilli  have  been  found  contained  within 
these  cells. 

14  days. — The  bacilli  show  only  slight  increase  in 
numbers,  but  in  many  of  the  places  where  they  occur 
the  nuclei  of  endothelial  cells  are  swollen  and  have 
multiplied  by  direct  division  ;  these  areas  also  show 
a  slight  tendency  to  caseation.  Within  these  lesions 
leucocytes  are  almost  entirely  absent,  but  in  the 
surrounding  tissue  they  are  numerous. 


Summary. 

This  series  of  cases  illustrates  a  much  milder  type  of  infection  than  has  been  found  in  two  corresponding 
series  of  rabbits  inoculated  with  highly  virulent  bacilli. 


(c)  Early  Stages  of  the  Infective  Process  after  Subcutaneous  Inoculation. 


Dr.  A.  S.  Griffith  inoculated  a  series  of  rabbits 
subcutaneously,  over  the  scapula,  each  with  a  dose  of 
50  mg.  of  the  culture  used  in  the  preceding  series. 
One  animal  was  killed  at  each  of  the  following  intervals 
after  inoculation : — 24  hours,  3  days,  6  days,  8  days, 
and  14  days. 

Twenty -four  Hours. 

In  the  local  lesion  (Rabbit  1572)  there  is  a  copious 
invasion  of  leucocytes,  which  have  ingested  the  bacilli 
in  large  numbers.  Many  of  the  leucocytes  in  the 
centre  of  the  mass  of  culture  have  lost  all  their 
granules  and  their  nuclei  stain  faintly,  but  at  the 
periphery  of  the  lesion  the  supply  of  fresh  leucocytes 
is  very  abundant.  A  few  bacilli  have  made  their  way 
between  the  muscle  fibres.  No  bacilli  have  been 
found  within  blood-capillaries. 

No  bacilli  have  been  found  in  the  specimens  of 
lung,  liver,  kidney,  and  spleen. 

Three  Days. 

In  the  centre  of  the  local  lesion  (Rabbit  1573) 
some  of  the  bacilli  are  broken  up,  a  few  have  lost 


their  acid-t'ast  properties,  and  there  is  a  great  increase 
in  the  number  of  the  disintegrated  leucocytes.  At 
the  periphery,  both  beneath  the  skin  and  where  the 
lesion  borders  on  the  muscle,  the  blood-capillaries  are 
numerous  and  dilated  ;  their  endothelial  cells  are 
swollen,  and  many  leucocytes  are  seen  passing  out 
through  the  endothelial  wall.  No  bacilli  have  been 
found  within  blood-vessels. 

No  bacilli  have  been  found  in  the  specimens  of  lung, 
liver,  kidney,  and  spleen. 

Six  Days. 

In  the  local  lesion  (Rabbit  1574),  which  is  much 
larger  than  in  the  3  days'  specimen,  the  bacilli  show 
no  diminution  in  numbers,  and  the  central  parts  of 
the  lesion  are  more  necrotic.  Leucocytes  are  still 
pouring  into  the  lesion,  and  at  the  margins  there  are 
large  numbers  of  these  cells  which  retain  their 
granular  stain.  There  is  also  a  sprinkling  of 
lymphocytes.  At  the  periphery,  both  in  the  loose 
connective  tissue  and  where  the  lesion  is  invading 
the  muscle,  there  is  a  large  increase  in  the  fixed 
tissue  cells,  and  many  of  these  cells  contain  bacilli. 
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Histology — Human  Yikuses  in  Rabbits. 


In  these  outlying  regions  the  proportion  of  leucocytes 
which  contain  bacilli  is  relatively  small.  No  bacilli 
have  been  found  within  blood-vessels. 

No  bacilli  have  been  found  in  the  specimens  of  lung, 
liver,  kidney,  and  spleen. 

Eight  Days. 

In  the  necrotic  portions  of  the  local  lesion  (Rabbit 
1575)  there  appears  to  be  some  falling  ofE  in  the 
numbers  of  bacilli.  At  the  margins  there  is  some 
increase  in  the  number  of  lymphocytes.  Many  of 
the  fixed  cells  contain  bacilli,  but  the  bacilli  do  not 
seem  to  have  multiplied  in  these  situations.  No 
bacilli  have  beea  found  within  blood-vessels. 

No  bacilli  have  been  found  in  the  specimens  of 
lung,  livor,  kidney,  and  spleen. 


Fourteen  Days. 

In  the  local  lesion  (Rabbit  1576)  there  is  a  further 
diminution  in  the  number  of  bacilli.  Except  in  the 
areas  of  advanced  caseation,  there  is  a  dense  infiltra- 
tion of  small  lymphocytes,  together  with  a  few 
plasma  cells.  This  increase  in  the  invasion  of 
lymphocytes  is  the  most  notable  change  as  compared 
with  the  preceding  specimen.  The  leucocytes  are 
still  numerous  and  often  occur  in  groups,  but  their 
lotal  number  is  perhaps  rather  less  than  in  the 
previous  specimen.  They  are  scattered  all  over  the 
specimen,  and  some  leucocytes,  showing  a  well  marked 
granulation,  have  made  their  way  into  the  older 
necrotic  foci.  No  bacilli  have  been  found  within 
blood-vessels. 

No  bacilli  have  been  found  in  the  specimens  of  lung, 
liver,  kidney,  and  spleen. 


Summary. 

No  disseminated  lesions  have  been  found. 


{d)  Lesions  Produced  by  Dead  Bacilli. 
VIRUS-H  74.  D.S. 
Animal  Inoculated.— Rabbit  1195. 


Rabbit  1195  was  inoculated  intravenously  with 
50  mg.  of  dead  culture  of  H  74.  D.S.,  and  was  killed 
21  days  afterwards. 

Lungs. 

There  is  a  slight  generalised  thickening  of  the 
alveolar  walls  but  there  are  no  definite  tubercles.  In 
several  places  a  few  bacilli  are  present.  They  are 
generally  within  epithelial  or  endothelial  cells,  but  the 
only  tissue  changes  they  have  caused  are  a  slight 
swelling  up  and  partial  disintegration  of  these  cells 
and  the  attraction  of  a  few  lymphocytes  and 
leucocytes.  In  one  situation  some  bacilli  have  been 
found  in  the  endothelial  cells  of  a  small  artery. 

Liver. 

Bacilli  are  numerous  and  are  generally  within  the 
walls  of,  or  immediately  external  to.  small  veins  and 
capillaries.    There  are  many  giant  cells  in  the  centres 


of  which  bacilli  are  numerous.  There  is  one  caseous 
tubercle  with  well  defined  fibrous  walls  ;  in  this]  no 
tubercle  bacilli  have  been  found. 

Kidneys. 

There  are  no  lesions  and  only  two  bacilli  have  been 
found.    They  are  within  a  glomerulus. 

Spleen. 

Bacilli  are  numerous  in  all  parts  of  the  tissue  and 
often  occur  in  small  clumps.  They  have  caused  very 
little  alteration  in  the  tissue  but  are  often  surrounded 
by  groups  of  oxyphil  leucocytes. 

Bronchial  Gland. 

A  few  bacilli  are  present,  but  have  caused  no 
appreciable  tissue  change. 


Summary. 

Bacilli  are  generally  distributed,  but  have  caused  only  slight  tissue  reaction.  Compared  with  Rabbit  1283, 
inoculated  intravenously  with  50  mg.  of  dead  bovine  bacilli,  the  lungs  of  Rabbit  1195  show  less  indication  of 
tubercle  formation  ;  the  livers  of  the  two  animals  resemble  each  other  ;  the  spleen  of  Rabbit  1195  contains- 
more  bacilli  than  the  corresponding  organ  of  Rabbit  1283. 


III.-LESIONS  IN  MONKEYS  AND  CHIMPANZEES. 
VIRUS-H  8.  S.C. 
(1.) 

Animal  Inoculated.— Monkey  67. 


Monkey  67  was  inoculated  subcutaneously  with 
•01  mg.  of  culture  of  H  8.  S.C,  and  was  killed  199 
days  afterwards. 

Lungs. 

Adjacent  to  normal  lung  tissue  there  is  a  large 
consolidated  patch  which  is  partially  caseous,  contains 
numerous  giant  cells,  and  is  not  separated  by  any 
fibrous  zone  from  the  surrounding  tissue.  It  contains 
a  few  tubercle  bacilli. 

Liver. 

There  are  a  few  tubercular  foci  which  are  slightly 


caseous  and  are  surrounded  by  lymphocytes  and 
fibroblasts.    Tubercle  bacilli  are  present  but  rare. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 


Spleen. 

Large  caseous  lesions  are  present.  Though  chronic 
in  type  and  containing  giant  cells,  they  are  not 
definitely  retrogressive. 


Summary. 

Disseminated  tuberculosis  of  a  mild  type.  Apparently  the  lesions  in  the  lungs  and  spleen,  though  chronic 
in  character,  are  slowly  progressive. 


Histology — Human  Vieuses  in  Monkeys,  &c. 


(2.) 

Animal  Inoculated— Monkey  69. 


Monkey  69  was  inoculated  aubcutaneously  with     They  are  of  the  chronic  type  and  contain  very  fe\ 
•1  mg.  of  culture  of  H  8.  S.C.,  and  was  killed  126  days     bacilli.    The  larger  are  extensively  caseous, 
afterwards. 


Lungs. 


The  specimen  examined  is  completely  solid  and  to 
a  large  extent  caseous.    Bacilli  are  scanty. 

Liver. 

Discrete  tubercles,  both  large  and  small,  are  present. 


Kidneys. 

The  specimen  contains  a  circumscribed,  caseous 
tubercle,  in  which  only  one  tubercle  bacillus  has  been 
found. 

Axillary  Gland. 

The  gland  is  almost  entirely  caseous.  Bacilli, 
though  not  abundant  and  not  occurring  in  groups, 
are  more  numerous  than  in  the  other  organs. 


Summary. 

Progressive  tuberculosis,  of  a  chronic  type. 


(3.) 

Animal  Inoculated.— Monkey  71. 


Monkey  71  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  H  8.  S.C.,  and  was  killed  190  days 
afterwards. 

Lungs. 

There  is  a  considerable  thickening  of  the  alveolar 
walls  which  is  not  suggestive  of  tuberculosis.  Small 
areas  of  consolidation  also  occur  which  are  slightly 
caseous  and  are  surrounded  with  lymphocytes  and 
leucocytes.    Bacilli  are  very  scanty. 

Liver. 

The  liver  contains  tubercles  of  a  chronic  type, 


surrounded  by  lymphocytes  and  fibroblasts.  In  one 
of  these  tubercles  bacilli  are  fairly  numerous,  but  in 
many  of  the  lesions  very  few  bacilli  are  to  be  found. 

Kidneys. 

There  are  a  few  discrete  tubercles  which  are  slightly 
caseous  and  are  surrounded  by  a  broad  zone  of 
lymphocytes  and  plasma  cells.  No  bacilli  have  been 
found. 


Spleen. 

The  spleen  is  extensively  caseous. 


Bacilli  are  scanty. 


Summary. 
Disseminated  lesions  of  a  chronic  type. 


VIRUS-H  53.  D.H. 
(1.) 

Animals  Inoculated.— Monkeys  93,  101,  and  103. 


These  three  animals  were  inoculated  subcutaneously 
with  culture  of  H.  53.  D.H.  (a).  Monkeys  93  and  101 
each  received  1  mg. ;  Monkey  103  received  10  mg. 
Monkey  93  died  105  days  afterwards  ;  Monkey  101 
died  42  days  after  inoculation  ;  and  Monkey  103  died 
23  days  afterwards. 

Lungs. 

In  the  lungs  of  Monkey  93  there  is  some  thickening 
of  the  alveolar  walls,  but  no  tubercles  or  bacilli  have 
been  found.  In  the  lungs  of  Monkey  101  the  greater 
part  of  the  tissue  is  in  the  same  condition,  but  one 
slightly  caseous  tubercle  has  been  found,  containing 
several  bacilli.  The  specimen  of  the  lungs  of  Monkey 
103  is  almost  normal  ;  it  contains  neither  tubercles  nor 
bacilli. 

Livers. 

In  the  livers  of  all  three  animals  there  are  some 
small  suspicious  foci,  but  neither  definite  tubercles  nor 
bacilli  have  been  found. 

Kidneys. 

In  the  kidneys  of  all  three  animals  neither  tubercles 
nor  bacilli  have  been  found. 


■  Spleens. 

In  the  spleen  of  Monkey  93  no  lesions  or  bacilli  have 
been  found.  The  spleen  of  Monkey  101  contains 
several  slightly  caseous  foci  ;  in  most  of  them  bacilli 
are  either  scanty  or  absent  ;  a  larger  lesion  is  also  pre- 
sent which  is  not  caseous  but  contains  large  numbers 
of  leucocytes  and  also  cells  resembling  fibroblasts  ;  in 
this  lesion  bacilli  are  very  abundant ;  a  lesion  rather 
smaller  than  the  last  mentioned,  but  also  showing  a 
tendency  to  fibroid  change,  contains  moderate  numbers 
of  bacilli.  The  spleen  of  Monkey  103  contains  several 
small,  slightly  caseous  patches  in  which  bacilli  are 
fairly  numerous  ;  bacilli  have  not  been  found  except 
in  these  lesions. 


Lymphatic  Glands. 

In  a  cervical  gland  of  Monkey  93  no  lesions  or  bacilli 
have  been  found.  In  a  bronchial  gland  of  Monkey 
101  there  are  many  caseous  areas  and  in  some  of  these 
bacilli  are  very  numerous.  A  cervical  gland  of 
Monkey  103  is  extensively  necrotic  and  contains  very 
large  numbers  of  bacilli. 


Summary. 

The  amount  of  disease  is  remarkably  small. 
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(2.) 


Animal  Inoculated.— Monkey  109, 


Monkey  109  was  inoculated  subcutaneously  with 
10  mg.  of  culture  of  H  53.  D.H.  (a),  and  was  killed, 
when  moribund,  32  days  afterwards. 

Lungs. 

There  is  a  general  thickening  of  the  alveolar  walls 
with  many  small  patches  of  early  caseation.  Bacilli 
are  present  in  all  the  lesions  but  have  not  multiplied 
abundantly.  The  lesions,  though  not  retrogressive  in 
character,  do  not  indicate  a  very  severe  infection. 

Liver. 

There  are  numerous  breaking-down  tubercles  which 


are  obviously  progressive  in  character  and  contain' 
large  numbers  of  bacilli. 

Kidneys. 

There  are  small  deposits  of  bacilli  which  have 
produced  slight  tissue  disintegration,  but  no. large  or 
advanced  lesions  have  been  found. 


Spleen, 

The  spleen  contains  large  patches  of  breaking  down 
tissue  in  which  bacUli  are  very  numerous. 


Summary. 


The  infection  is  more  severe  than  in  the  preceding  animals  inoculated  with  this  virus  and  shows  severe- 
incidence  on  the  liver  and  spleen. 


(3.) 

Animal  Inoculated.— Monkey  135. 


Monkey  135  was  inoculated  subcutaneously  with 
•1  mg.  of  culture  of  H  53.  D.H.  (a),  and  was  killed 
209  days  afterwards. 


Lungs. 

The  greater  part  of  the  specimen  is  consolidated 
and  shows  patchy  caseation  with  a  marked  tendency  to 
fibroid  change.    Bacilli  are  very  scanty. 


Liver. 

There  are  many  small  lesions,  some  of  them  slightly- 
caseous.    No  bacilli  have  been  found. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Bronchial  Gland. 

The  gland  is  completely  caseous.  Bacilli  are  fairly 
plentiful. 


Summary. 

A  chronic  type  of  tuberculosis  with  extensive  fibro-caseous  disease  of  the  lungs. 


VIRUS-H  59.  L.B. 
Animal  Inoculated.— Chimpanzee  5. 


Chimpanzee  5  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  H  59  .L.B.  {strain — Human  Brain), 
and  died  79  days  afterwards. 

Lungs. 

Small  caseous  tubercles  are  present.  They  are  of  a 
chronic  type  but  do  not  appear  to  be  retrogressive. 
Bacilli  are  scanty. 

Liver. 

Many  caseous  tubercles  are  present  ;  the  larger  have 


a  well  marked  fibrous  periphery.  Giant  cells  occur  in 
most  of  the  lesions  and  multinuclear  leucocytes  are 
numerous.    Bacilli  are  scanty. 

Kidneys. 

A  few  caseous  tubercles  of  a  chronic  type  are 
present.   Bacilli  are  scanty. 

Mesenteric  Gland. 

The  greater  part  of  the  gland  is  caseous.  Bacilli 
are  scanty. 


Summary. 

Progressive  tuberculosis  of  a  chronic  type  ;  bacilli  scanty. 


Histology — Human  Yikuses  in  Monkeys,  &c. 
vmus-H  60.  W.B. 

(1.) 

Animal  Fed— Monkey  81. 
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Monkey  81  was  fed  with  1  mg.  of  culture  of  H  60. 
W.B.  {strain — Mesenteric  Gland),  and  died  50  days 
afterwards. 

Lungs. 

Parts  of  the  tissue  are  normal,  but  there  are  also 
caseous  areas  of  considerable  siz3  which  appear  to  be 
progressive  and  contain  fairly  numerous  bacilli. 

Liver. 

The  tissue  contains  several  discrete  tubercles  which 
are  in  an  advanced  stage  of  caseation.    They  show 


very  little  fibrous  tissue  formation  at  their  margins 
but  have  not  the  ramifying  outline  found  in  more 
rapidly  progressive  lesions.    Bacilli  are  scanty. 

Kidneys, 

In  the  specimen  examined  a  few  bacilli  are  present, 
but  no  definite  lesions  have  been  formed. 


Cervical  Gland. 

The  gland  is  caseous  throughout  and  contains 
numerous  bacilli. 


Summary. 

Disseminated  tuberculosis,  apparently  progressive,  but  relatively  mild  in  type. 


(2.) 

Animal  Fed.— Monkey  83. 


Monkey  83  was  fed  with  1  mg.  of  culture  of  H  60. 
W.B.  {strain — Mesenteric  Gland),  and  died  56  days 
afterwards. 

Lungs. 

The  lungs  contain  large,  ramifying  patches  of  con- 
solidated tissue  which  aie  in  an  advanced  stage  of 
caseation.  Bacilli  are  abundant,  and  the  infection  is 
obviously  of  a  progressive  type. 


Liver. 

Progressive  tubercles  of  various  sizes,  but  all  con- 
taining large  numbers  of  bacilli,  are  scattered 
abundantlj'  throughout  the  tissue.  The  larger 
tubercles  are  in  an  advanced  stage  of  caseation. 


Kidneys. 

Bacilli  are  scattered  about  in  small  numbers  and 
have  produced  early  lesions. 


Sdmmary. 
Acute  disseminated  tuberculosis. 


VIRUS -H  61.  E.G. 
Animal  Inoculated.— Monkey  77, 


Monkey  77  was  inoculated  subcutaueously  with 
1  mg.  of  culture  of  H  61.  E.G.  {strain — Human  Brain), 
and  died  113  days  afterwards. 

Lungs. 

The  tissue  is  almost  completely  consolidated  and  is 
very  extensively  caseous.     Bacilli  are  very  numerous. 

Liver. 

Miliary  tubercles,  of  various  sizes,  are  thickly 
scattered  throughout  the  tissue.  Some  of  the  larger 
are  crowded  with  bacilli,  but  in  the  smaller  bacilli  are 


not  very  numerous.  Bacilli  are  often  found  within 
parenchymatous  liver  cells  apart  from  definite 
tubercles 

Kidneys. 

Tubercles,  both  large  and  small  and  in  various 
stages  of  degeneration,  are  present.  Bacilli  are  very 
numerous. 

Axillary  Gland. 

The  gland  is  almost  completely  caseous  and  is 
swarming  with  bacilli. 


Summary. 

Advanced  infection,  of  an  acute  type,  with  large  numbers  of  bacilli. 


VIRUS-H  71.  L.V. 
Animal  Inoculated— Monkey  195. 


Monkey  195  was  inoculated  subcutaueously  with 
1  mg.  of  culture  of  H  71.  L.V.  {b),  and  died  36  days 
afterwards. 


Limgs. 

The  tissue  is  beset  with  miliary  tubercles  which  are 
of  an  acute  type  and  contain  numerous  bacilli. 
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Liver,  Spleen. 

The  liver  contains  many  progressive,  caseating        The  spleen  is  in  the  same  condition  as  the  liver, 
tubercles  of  various  sizes.     Bacilli  are  moderately 
numerous. 

Bronchial  Gland. 

Kidneys.  i       ,  .  , 

Several  early,   progressive  tubercles  are  present. 
I   No  lesions  or  bacilli  have  been  found.  Bacilli  are  rather  scanty. 

Summary. 

Disseminated  tuberculosis  of  a  severe  type. 


VIRUS-H  74.  D.S. 
(1.) 

Animal  Inoculated.— Monkey  85. 


Monkey  85  was  inoculated  subcutaneously  with 
•001  mg.  of  culture  of  H  74.  D.S.,  and  died  54  days 
afterwards. 

Lungs. 

The  tissue  is  not  completely  airless  but  contains 
large  caseous  patches  of  consolidation  which  are 
evidently  progressive.    Bacilli  are  fairly  numerous. 

Liver. 

Tubercles,  both  large  and  small,  are  numerous.  The 
larger  are  extensively  caseous.  The  lesions  have  no 
definite  boundary  zone  but  are  evidently  progressive. 
Bacilli  are  fairly  numerous. 


Kidneys. 

Large,  progressive,  caseating  tubercles  are  present 
and  contain  moderately  numerous  bacilli. 

Spleen. 

Many  caseous  tubercles,  containing  fairly  large 
numbers  of  bacilli,  are  present.  The  disease  appears 
to  be  more  advanced  than  in  the  liver  or  kidneys. 

Mesenteric  Gland. 

The  gland  is  partially  caseous.  Bacilli  are  moder 
ately  numerous. 


Summary. 

Advanced,  disseminated  tuberculosis.    Bacilli  moderately  numerous. 


(2.) 

Animal  Inoculated.— Monkey  89. 


Monkey  89  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  H  74.  D.S.,  and  died  35  days 
afterwards. 

Lungs. 

Small,  early  lesions  are  present.  They  have  no 
definite  boundary  zone.    Bacilli  are  scanty. 


Liver. 

Miliary  tubercles  are  abundant.  They  are  infiltrated 
with  leucocytes  and  are  not  surrounded  by  any 
peripheral  zone  of  cells.    Bacilli  are  numerous. 


Kidneys. 

Immediately  beneath  the  capsule  there  is  a  wedge- 
shaped,  caseous  tubercle  containing  large  numbers  of 
bacilli.  Less  advanced  lesions,  apparently  interstitial 
in  origin  and  containing  fewer  bacilli,  are  present  in 
the  interior  of  the  cortical  substance. 

Spleen. 

The  gland  is  very  extensively  caseous  and  contains 
very  large  numbers  of  bacilli. 

Axillary  Gland. 

The  gland  is  caseous  throughout  and  contains 
enormous  numbers  of  bacilli. 


Summary. 

Disseminated  tuberculosis,  with  particularly  severe  incidence  on  the  spleen. 


(3.) 

Animal  Inoculated.— Monkey  91. 


Monkey  91  was  inoculated  subcutaneously  with  Lungs. 
10  mg.  of  culture  of  H  74.  D.S.,  and  died  30  days        The  tissue  is  almost  completely  consolidated  and 
afterwards.  there  are  several  caseous  areas.    In  the  caseous  areas 
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there  are  large  misses  of  tubercle  bacilli  ;  in  other 
parts  of  the  tissue  bacilli  only  occur  in  scanty 
numbers. 

Liver  and  Spleen. 

The  liver  and  spleen  are  permeated  with  necrotic 
areas  of  irregular  size  and  shape.  Bacilli  are  present 
in  all  parts  of  the  tissue,  including  the  blood-vessels,  and 
are  very  abundant  in  the  larger  necrotic  areas.  There 
is  very  little  indication  of  tubercle  formation  ;  most 
of  the  lesions  exhibit  simple  necrosis  without  any 
tissue  reaction. 


Kidneys. 

Discrete,  caseous  tubercles  are  present  and  are 
partially  surrounded  by  lymphocytes,  leucocytes,  and 
plasma  cells.  These  tubercles  contain  large  numbers 
of  bacilli.  Small  groups  of  bacilli  are  also  present  in 
parts  of  the  section  which  show  no  tissue  change,  both 
within  glomeruli  and  amongst  the  interstitial  tissue. 

Portal  Gland. 

The  gland  is  extensively  caseous  and  contains  large 
masses  of  bacilli. 


Consolidation  of  the  lungs 
abundant  everywhere. 


Summary. 
diffuse  necrosis  of  the  liver 


caseous  tubercles  in  the  kidneys  ;  bacilli  very 


VIRUS-H  81.  P.W. 

(i.) 

Animal  Inoculated.— Chimpanzee  7. 


Chimpanzee  7  was  inoculated  subcutaneously  with  a 
very  small  dose  of  culture  (estimated  by  the  method 
of  dilution  to  be  equivalent  to  -00001  mg.)  of  H  81. 
P.W.,  and  died  92  days  afterwards. 


Lungs. 

The  lung  tissue  is  congested  and  shows  an  infiltra- 
tion of  both  lymphocytes  and  leucocytes,  but  there 
are  no  caseous  areas  and  no  patches  definitely  sugges- 
tive of  tuberculosis.  A  few  tubercle  bacilli  have  beea 
found. 


Liver. 

The  specimen  contains  a  fairly  large  lesion  which  is 
in  an  advanced  stage  of  caseation.  No  tubercle 
bacilli  have  been  found. 

Kidneys. 

One  small,  suspicious  focus  has  been  found,  but  no 
tubercle  bacilli. 

Spleen. 

There  are  several  caseous  patches  and  some  giant 
cells.    Bacilli  are  present  but  rare. 


Summary. 
Slight  disseminated  tuberculosis. 


(2.) 

Animals  Inoculated.— Monkeys  95,  97,  and  99. 


Monkeys  95,  97,  and  99  were  inoculated  subcuta- 
neously with  culture  of  H  81.  P.W.,  the  first  re- 
ceiving 1  mg.,  the  second  "001  mg.,  the  third  a  very 
small  dose,  estimated  by  the  method  of  dilution  as 
equivalent  to  -00001  mg.  The  first  died  in  45  days, 
the  second  in  48  days,  the  third  in  49  days. 


Lungs. 

The  lungs  of  all  three  animals  are  infected  with 
equal  severity,  and  show  extensive,  obviously  progres- 
sive patches  of  caseation  in  which  bacilli  are  very 
numerous. 


Livers. 

The  three  livers  are  acutely  infected  and  contain 
large  numbers  of  bacilli. 

Kidneys 

A  few  lesions,  containing  bacilli  in  scanty  numbers, 
have  been  found  in  Monkeys  95  and  99,  but  the 
specimen  of  Monkey  97  is  normal. 

Spleens. 

The  spleens  of  all  three  animals  show  advanced 
necrotic  change  and  contain  bacilli  in  very  large 
numbers. 


Summary. 

Acute,  disseminated  tuberculosis,  the  smallest  dose  having  proved  as  efficacious  as  the  largest. 
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VIRUS-H  84.  M.S. 
(1.) 

Animal  Inoculated.— Monkey  143. 


Monkey  143  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  H  84.  M.S.,  and  died  110  days 
afterwards. 

Lungs. 

The  greater  portion  of  the  tissue  examined  shows 
slight  congestion,  but  is  otherwise  normal.  Here 
and  there  small,  semi-caseous  tubercles  are  present. 
These  are  crowded  with  leucocytes,  contain  numerous 
tubercle  bacilli,  and  show  no  sign  of  conservative 
change. 

Liver. 

There  are  many  small,  caseous  tubercles  which  show 


no  sign  of  conservative  change,  but  contain  bacilli  in 
fairly  large  numbers. 

Kidneys. 

Small  tubercles  are  present,  and  some  of  these 
contain  numerous  bacilli.  The  tubercles  show  well 
marked  peripheral  zones  of  leucocytes,  lymphocytes, 
and  plasma  cells. 

Spleen. 

The  spleen  shows  large,  dilfuse,  semi-confluent 
areas  of  caseation  and  contains  enormous  numbers  of 
bacilli,  forming  large  red  patches  as  seen  with  a  low 
power. 


Summary. 

General,  progressive  dissemination,  with  particularly  severe  incidence  on  the  spleen. 


(2.) 


Animal  Inoculated.— Monkey  231. 


Monkey  231  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  H  84.  M.S.,  and  died  31  days 
afterwards. 

Lungs. 

Discrete  but  large  and  progressive  caseous  tubercles 
are  present.  They  contain  very  large  numbers  of 
bacilli. 

Liver. 

The  lesions  are  of  the  same  type  as  in  the  lungs 
but  more  numerous.  In  some  of  the  tubercles  bacilli 
are  very  abundant. 


Kidneys. 


No  definite  tubercles  have  been  found,  but  a  few 
bacilli  are  present  in  the  interstitial  tissues. 

Spleen. 

The  spleen  is  permeated  with  large  caseous  areas 
containing  numerous  bacilli. 

Omental  Gland. 

The  gland  is  almost  completely  caseous  and  contains 
very  numerous  bacilli. 


Summary. 

Severe  disseminated  tuberculosis,  with  abundant  multiplication  of  bacilli. 


VmUS-H  85.  H.B. 
(1.) 

Animal  Fed.— Chimpanzee  11. 


Chimpanzee  11  was  fed  with  1  mg.  of  culture  of  Spleen. 

H  85  H.B,,  and  was  killed  271  days  afterwards.  ^       ,  ,  ,     ,  j.  i   j.      i  -n- 

D  o,j.  xi.ij.,  <tuv^  J  Several  caseous  tubercles  are  present,  but  no  bacilli 

£,ungs.  have  been  found  in  them. 

There  are  a  few  small  foci  filled  up  with  lympho- 
cytes, but  no  definite  tubercles.    No  bacilli  have  been  Jlesenteric  Gland. 
found. 

Liver  and  Kidneys.  Tj^^  ^^^^^      extensively  caseous.    Bacilli  are  very 

Neither  tubercles  nor  bacilli  have  been  found.  rare. 

Summary. 

There  has  been  some  dissemination,  notably  in  the  spleen,  but  the  infection  is  of  a  mild  type  and  bacilli  are 
very  scanty. 
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(2.) 

Animal  Inoculated.— Monkey  119. 


Monkey  119  was  inoculated  subcutaneously  with 
•01  mg.  of  culture  of  H  85.  H.B.,  and  died  271  days 
afterwards. 

Lungs. 

The  tissue  is  semi-solid  and  contains  large  pro- 
gressive areas  of  caseation  in  which  bacilli  are  very 
abundant. 

Liver. 

The  liver  contains  many  small  caseous  foci  which 
show  no  definite  boundary  zone  and  are  obviously 
progressive.    Bacilli  are  scanty. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

The  tissue  is  almost  completely  caseous  and  contains 
bacilli  in  large  numbers. 

Bronohial  Glcuid. 

The  gland  contains  large  progressive  areas  of  casea- 
tion.   Bacilli  are  numerous. 


Summary. 

Disseminated  tuberculosis  of  a  very  severe  type,  with  abundant  multiplication  of  bacilli. 


(3.) 

Animal  Inoculated.— Monkey  121. 


Monkey  121  was  inoculated  subcutaneously  with 
O'l  mg.  of  culture  of  H  85.  H.B.,  and  was  killed  97  days 
afterwards. 

Lungs. 

The  specimen  contains  large  solidified  areas  which 
are  commencing  to  caseate.  The  consolidated  patches 
have  no  boundary  zone  but  appear  to  be  becoming 
confluent.  Bacilli  sometimes  occur  in  small  groups, 
but  on  the  whole  are  rather  scanty. 

Liver. 

There  are  numerous  minute,  semi-caseous  tubercles 
with  no  definite  boundary  zone.  No  bacilli  have  been 
found. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

There  are  a  few  minute  caseous  patches,  but  no 
bacilli  have  been  found. 

Portal  Gland. 

There  are  many  small,  slightly-caseous  patches. 
Bacilli  are  rare. 

Bronchial  Gland. 
Similar  to  the  portal  gland. 


Summary 

Disseminated  tuberculosis.  In  the  lungs,  which  are  more  extensively  affected  than  other  organs,  the 
disease  appears  to  be  slowly  progressive  ;  elsewhere  it  is  of  a  mild  and  retrogressive  type.    Bacilli  are  scanty. 


Animal  Inoculated.— Monkey  123. 


Monkey  123  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  H  85.  H.B.,  and  died  132  days 
afterwards. 

Lu7igs. 

There  are  numerous  partially  caseous  tubercles  ; 
but  these,  though  of  irregular  outline,  due  to  their 
progression  along  the  alveolar  walls,  have  a  fairly 
well  defined  cellular  infiltration  at  their  periphery 
and  do  not  contain  many  bacilli. 

Liver. 

Fairly  large,  caseous,  and  apparently  quiescent  foci 
are  present.    No  bacilli  have  been  found  in  them. 


Kidneys. 

There  are  caseous  lesions  showing  a  tendency  to 
fibroid  change  and  evidently  of  a  chronic  type.  No 
bacilli  have  been  found. 


Spleen. 

The  spleen  shows  extensive  caseous  lesions  in  which 
bacilli  are  rare. 

Axillari)  Gland. 

The  gland  is  completely  cxseous  and  contains  large 
numbers  of  bacilli. 


Summary. 

Disseminated,  caseous  lesions,  most  of  which  contain  few  bacilli  and,  though  fairly  extensive,  are  not 
actively  progressive. 
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(5.) 

Animal  Ted.— Monkey  125. 


Monkey  125  was  fed  with  1  mg.  of  culture  of  are  overrun  with  leucocytes  and  lymphocytes  and 
H  85.  H.B.,  and  died  116  days  afterwards.  contain  very  few  baoilli. 


Lungs. 

The  lungs  contaiu  large  foci  which  are  almost 
completely  caseous,  but  are  limited  by  a  well-marked 
zone  which  contains  numerous  lymphocytes  and  leu- 
cocytes and  a  smaller  number  of  fibroblasts.  Bacilli 
are  scanty. 

Liver. 

Small,  apparently  quiescent  foci  are  present,  which 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Bronchial  Gland. 

There  are  extensive,  partially  caseous  foci ;  but 
these  are  chronic  in  type  and  contain  very  few 
bacilli. 


StrMMARY. 

Disseminated  tuberculosis  of  a  relatively  mild  type  ;  many  of  the  lesions  are  large,  caseous,  and  not 
definitely  retrogressive  ;  but  few  bacilli  are  present. 


(6.) 

Animal  Inoculated.— Monkey  153. 


Monkey  153  was  inoculated  subcutaneously  with  The  lesions  are  not  acute  in  type  but  are  not 
10  mg.  of  culture  of  H  85.  H.B.,  and  was  killed  59     definitely  retrogressive. 


days  afterwards. 

Lungs. 

The  lungs  contain  lesions  which  are  small  and  not 
plentiful,  but  show  no  evidence  of  retrogression  and 
contain  numerous  bacilli. 

Liver. 

The  liver  contains  many  small,  partially  caseous 


foci  in  which  bacilli  are  present,  but  not  numerous,     bacilli  are  very  abundant. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

Small,  slightly  caseous  foci  are  present,  in  which 
bacilli  are  rare. 

Axillary  Gland. 
The  gland  contains  large,  caseous  patches  in  which 


Summary. 

Disseminated  tuberculosis,  presenting  lesions  which  are  not  acute  but  are  not  definitely  retrogressive. 


VIRUS-H  91.  H.S. 
Animal  Inoculated.— Monkey  133. 


Monkey  133  was  inoculated  subcutaneously  with 
0-1  mg.  of  culture  of  H  91.  H.S.,  and  was  killed  203 
days  afterwards. 

Lungs. 

Neither  definite  tubercles  nor  bacilli  have  been 
found. 

Liver. 

A  few  small,  slightly  caseous  tubercles  are  present. 
No  bacilli  have  been  found  in  them. 


Kidneys. 

In  the  specimen  examined  there  is  a  large,  circum- 
scribed, caseous  tubercle  iu  which  bacilli  are  scanty. 


Spleen  and  a  Bronchial  Gland. 
No  lesions  or  bacilli  have  been  found. 


Summary. 

There  is  some  evidence  of  dissemination  in  the  liver  and  kidneys,  but  the  amount  of  disease  on  the 
whole  is  small,  and  bacilli  are  very  scanty. 
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.    VIRUS-H  92.  D.N. 
Animal  Inoculated— Monkey  177. 


Monkey  177  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  H  92.  D.N.,  and  died  39  days 
afterwards. 

Lungs. 

The  tissue  changes  are  typical  of  acute  tubercular 
pneumonia.  A  special  feature  of  the  specimen  is  the 
abundant  multiplication  of  bacilli,  which  are  massed 
together  in  groups  and  colonies  throughout  the 
section. 

Liver. 

There  are  many  tubercles  which  are  almost  com- 


pletely caseous,  show  no  demarcation  zone,  and 
contain  very  large  numbers  of  bacilli. 

Kidneys. 

There  are  maoy  small  tubercles,  acute  in  type  and 
containing  very  numerous  bacilli. 

Spleen  and  a  Lymphatic  Gland. 

These  tissues  show  extensive  and  diffuse  cnseous 
necrotic  change,  and  contaia  very  large  numbers  of 
bacilli. 


Summary. 

Acute,  disseminated  tuberculosis,  with  very  abundant  multiplication  of  bacilli. 


VIRUS-H  99.  L.K. 
Animal  Inoculated.— Monkey  151. 


Monkey  151  was  inoculated  subcutaneously  with 
•01  mg.  of  culture  of  H  99.  L.K.,  and  died  36  days 
afterwards. 


Ltmgs. 

The  lungs  show  progressive,  caseous  tuberculosis  of 
an  acute  type,  and  contain  very  large  numbers  of 
bacilli. 


Liver. 


The  liver  contains  many  large,  caseating,  progressive 
lesions  in  which  bacilli  are  very  numerous. 

Kidneys. 

The  kidneys  contain  large,  caseous  nodules  in  which 
bacilli  are  abundant. 

Spleen  and  a  Bronchial  Gland. 
Both  organs  are  almost  entirely  caseous  and  contain 
very  large  numbers  of  bacilli. 


Summary. 

Acute  disseminated  tuberculosis. 


VIRUS-H  100.  R.S. 
Animal  Inoculated.— Monkey  163. 


Monkey  163  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  H  100.  R.S.  (original  material), 
and  died  86  days  afterwards. 

Lungs. 

The  tissue  is  beset  with  partially  caseating  foci 
which  do  not  appear  to  be  actively  progressive.  Bacilli 
are  very  scanty. 

Liver. 

A  few  small,  slightly  caseous  foci  are  present.  Only 
one  bacillus  has  been  found. 


Kidiieys. 

No  lesions  or  bacilli  have  been  found. 

S/yleen. 

Large,  discrete,  and  completely  caseous  tubercles  are 
numerous.    Bacilli  are  scanty. 

Bronchial  Gland. 

There  are  some  small  patches  of  slight  caseation. 
Bacilli  are  very  scanty. 


Summary. 

Abundant  caseous  foci  in  the  lungs  and  spleen.    Bacilli  very  scanty. 


VIRUS-H  101.  E.G. 
Animal  Inoculated.— Monkey  211. 


Monkey  211  was  inoculated  subcutaneously  with  Lungs, 
1  mg.  of  culture  of  H  101.  E.G.,  and  died  51  days        The  tissue  is  semi-solid  and  is  typical  of  acute  pro- 
afterwards.  gressive  tuberculosis.    Bacilli  are  numerous. 
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Livei\ 

The  tissue  is  permeated  with  caseous,  progressive 
bercles  containing  numerous  bacilli. 


Spleen. 

The  tissue  is  largely  replaced  by  caseous  material 
containing  numerouft  bacilli. 


Kidneys. 

There  are  discrete,  caseous  tubercles  containing 
many  bacilli. 


Bronchial  Gland. 

The  gland  shows  progressive  areas  of  caseation  and 
contains  numerous  bacilli. 


Summary. 

Acute  disseminated  tuberculosis. 


VIRUS-H  102.  N.H. 
Animal  Inoculated.— Monkey  213. 


Monkey  213  was  inoculated  suboutaneously  with  crete  and  bounded  by  fibroblasts.  No  bacilli  have 
i  mg.  of  culture  of  H  102.  N.H.,  and  died  156  days     been  found. 


afterwards. 


Lungs. 


The  specimen  shows  large  caseous  tubercles  with  a 
well  -  marked  fibrous  periphery.  Bacilli  are  very 
scanty. 

Liver. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 


Spleen. 

The  lesions  are  similar  to  those  in  the  liver.  No 
Large  caseous  tubercles  are  present.    They  are  dis      bacilli  have  been  found. 


Summary. 

Disseminated  tuberculosis  of  a  chronic  type.    Bacilli  rare. 


VIRUS— H  103.  N.S. 
(1.) 

Animal  Inoculated.— Monkey  171. 


Monkey  171  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  H  103.  W.S.,  and  died  111  days 
afterwards. 

Lungs. 

The  tissue  is  consolidated,  necrotic,  and  swarming 
with  tubercle  bacilli. 

Liver. 

The  liver  is  permeated  with  small,  caseating,  pro- 
gressive foci,  in  which  bacilli  are  rather  scanty. 


Kidneys. 


There  are  many  tubercles  in  an  early  stage  of  casea- 
tion.   Bacilli  are  fairly  numerous. 


Spleen. 

The  spleen  contains  large  caseous  areas  in  which 
bacilli  are  very  abundant. 


Summary. 

Disseminated  tuberculosis  of  an  acute  type,  with  abundant  multiplication  of  bacilli. 


(2.) 

Animal  Inoculated.— Monkey  217. 


Monkey  217  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  H  103.  N.S.,  and  died  102  days 
afterwards. 

Lxmgs. 

The  lungs  contain  many  small,  discrete,  and  slightly 
caseous  lesions.  Though  bacilli  are  rather  scanty,  the 
lesions  present  no  histological  evidence  of  retrogres- 
sion. 

Liver. 

The  liver  contains  many  small  caseous  tubercles  con- 
taining few  bacilli  but  showing  no  demarcation  zone. 


Kidneys. 

There  are  small  caseous  foci  containing  a  fewjbacilli. 

Spleen. 

Bacilli  are  irregularly  distributed  and  in  an  few 
places  are  numerous.  They  have  produced  slight 
caseation. 

Bronchial  Gland, 

The  gland  contains  large  patches  of  complete  casea- 
tion in  which  bacilli  are  fairly  numerous.  In  the 
areas  of  breaking  down  cells  adjacent  to  the  caseous 
foci,  bacilli  are  extremely  numerous. 


Summary, 


Disseminated,  progressive  infection.  Bacilli  not  numerous  in  lungs,  liver,  and  kidneys,  but  multiplying 
freely  in  a  bronchial  gland  and  the  spleen. 
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VIRUS-H  107.  H.H. 
Animal  Inoculated.— Monkey  251. 
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Monkey  251  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  H  107.  H.H.  (original  material), 
and  died  50  days  afterwards. 


Lunge. 

The  tissue  is  permeated  with  caseating  tubercles  of 
various  sizes.  The  lesions  are  markedly  progressive 
and  contain  numerous  bacilli. 


Liver. 

Small  and  apparently  progressive  tubercles  are 
numerous.    Bacilli  are  rather  scanty. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

The  tissue  is  extensively  caseous  and  contains  large 
numbers  of  bacilli. 


Summary. 

Disseminated  tuberculosis  of  an  acute  type. 


VIRUS-H  108.  H.R. 
Animal  Inoculated.— Monkey  165. 


Monkey  165  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  H  108.  H.R.  (original  material), 
and  died  96  days  afterwards. 

Lungs . 

The  tissue  is  crowded  with  caseating  semi  confluent 
tubercles.  Bacilli  are  abundant,  and  in  some  of  the 
older  foci  have  grown  into  dense  groups  and  colonies. 

Liver. 

The  tissue  is  permeated  with  progressive  caseating 
tubercles  of  various  sizes.    Bacilli  are  numerous. 


Kidneys. 

There  are  numerous  caseous  tubercles  containing 
dense  masses  of  bacilli. 

Spleen. 

The  spleen  contains  large,  discrete,  caseous  tubercles 
which  are  crowded  with  bacilli.  Bacilli  are  also 
scattered  throughout  the  rest  of  the  tissue  and  occur, 
in  small  numbers,  where  there  is  no  evidence  of  histo- 
logical change. 

Bronchial  Gland. 

The  gland  contains  several  irregular,  caseous  patches 
in  which  bacilli  are  abundant. 


Summary. 

Acute  disseminated  tuberculosis,  with  very  abundant  multiplication  of  bacilli. 


VIRUS-H  109.  M.W. 
(1.) 

Animal  Inoculated.— Monkey  185. 


Monkey  185  was  inoculated  subcutaneously  with  Kidneys. 
0-1  mg.  of  H  109.  M.W.,  and  died  80  days  afterwards.  ^^^^^^^  ^^^^^  ^een  found. 


Lungs. 

There  are  a  few  small  caseous  tubercles,  not  mani- 
festly progressive.    Bacilli  are  rare. 


Liver, 

There  are  a  few  small,  slightly  caseous  tubercles  in 
which  bacilli  are  very  rare. 


Spleeyi. 

The  tissue  is  almost  entirely  replaced  by  large,  com- 
pletely caseous  tubercles  which  are  closely  set  together, 
though  each  tubercle  has  a  definite  fibrous  periphery. 
Bacilli  are  fairly  numerous. 

Bronchial  Gland. 
The  gland  contains  caseous  tubercle?  iu  which  bacilli 
are  scanty. 


Summary. 

Slight  evidence  of  dissemination  in  the  lungs  and  liver  ;  the  spleen  is  much  more  severely  affected. 
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(2.) 

Animal  Inoculated.— Monkey  197. 


Monkey  197  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  H  109.  M.W.,  and  died  30  days 
afterwards. 

Lungs. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

The  spleen  is  in  an  early  stage  of  diffuse  caseation 


The  section  shows  progressive  tubercles  which  are 
slightly  caseous  and  are  advancing  along  the  thickened     and  contains  very  large  numbers  of  bacilli, 
alveolar  walls.    Bacilli  are  very  numerous. 


Liver. 

Acute  miliary  tuberculosis,  with  numerous  bacilli. 


Inguinal  Gland. 

There,  are  many  foci  of  early  caseation  in  which 
bacilli  are  abundant. 


Summary. 

Acute  disseminated  tuberculosis.    Abundant  multiplication  of  bacilli. 


VIRUS— H  110.  J.B. 
(1.) 

Animal  Inoculated.— Monkey  179. 


Monkey  179  was  inoculated  subcutaneously  with 
0-01  mg.  of  culture  of  H  110.  J.B.  (a),  and  died  53  days 
afterwards. 

Lungs. 

The  section  shows  irregular  thickening  of  the  alveolar 
walls  and  numerous  tubercles,  the  larger  being  in 
an  advanced  stage  of  caseation  and  the  smaller  only 
slightly  caseous.  Giant  cells  and  fibroblasts  occur  in 
the  lesions.  Bacilli  are  readily  found  but  are  not 
very  numerous. 


Liver. 

The  liver  is  densely  permeated  with  large,  progres- 
sive, caseous  tubercles  in  which  bacilli  are  numerous. 

Kidneys. 

Yery  extensive  and  progressive  caseating  tubercles 
present.    Bacilli  are  moderately  numerous. 

Spleen. 

The  specimen  is  almost  completely  caseous  and  con- 
tains numerous  bacilli. 


are 


Summary. 

Severe,  disseminated  tuberculosis. 


(2.) 

Animal  Inoculated.— Monkey  181. 


Monkey  181  was  inoculated  subcutaneously  with  progressive  miliary  tubercles  which  contain  numerous 
0-1  mg.  of  culture  of  H  110.  J.B.  (a),  and  died  26  days  bacilli. 

Kidneys. 

Lungs.  ,      ,  ,  . 

Small  caseous  tubercles  are  present  and  contain 
The  greater  part  of  the  tissue  is  consolidated  and     fairly  numerous  bacilli, 
shows  patches  of  early  caseation.    Bacilli  are  fairly 
numerous. 


Spleen. 


Liver. 


The  tissue  is  very  extensively  caseous  and  contains 
The  liver  is  permeated  with  discrete  but  caseous  and     numerous  bacilli 

Summary. 
Severe,  disseminated  tuberculosis. 
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(3.) 

Animal  Inoculated.— Monkey  183. 


Monkey  183  was  inoculated  subcutatieously  with 
1  mg.  of  culture  of  H.  110  J.B.  (a),  and  died  .30  days 
afterwards. 

Lungs. 

The  lungs  are  congested  and  contain  small,  caseatiug 
tubercles  in  which  bacilli  are  very  abundant.  Bacilli 
also  occur,  in  relatively  small  numbers,  ia  other  parts 
of  the  tissue. 

Liver. 

The  liver  is  riddled  with  acute,  miliary  tubercles  in 
which  bacilli  are  abundant. 


Kidneys. 

There  are  several  progressive,  caseous  tubercles, 
containing  large  numbers  of  bacilli. 

Spleen  and  a  Bronchial  Gland. 

The  spleen  and  a  bronchial  gland  show  diffuse 
caseation  with  very  large  numbers  of  bacilli. 


SUMMAKY. 

Acute,  disseminated  tuberculosis. 


VIRUS-H  111.  S.E. 
Animal  Inoculated.— Monkey  189. 


Monkey  189  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  H  111.  S.E.,  and  died  62  days 
afterwards. 

Lungs. 

There  is  a  diffuse  thickening  of  the  alveolar  walls, 
with  many  patches  of  caseation  in  which  the  bacilli 
have  multiplied  abundantly. 

Liver. 

The  liver  is  permeated  with  caseatiag  foci  of  various 
sizes.  Bacilli  are  abundant,  and  in  the  larger  lesions 
have  grown  together  into  dense  masses. 


Kidneys. 


There  are  several  caseous  tubercles  in  which  the 
bacilli  form  dense  masses. 

Spleen. 

The  condition  of  this  organ  is  identical  with  that  of 
the  liver. 

Bronchial  Gland. 

The  gland  examined  shows  caseating  areas  with 
enormous  multiplication  of  bacilli. 


Summary. 

Acute  disseminated  tuberculosis  with  very  abundant  multiplication  of  bacilli. 


VIRUS-H  112.  B.B. 
Animal  Inoculated.— Monkey  201. 


Monkey  201  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  H  112.  B.B.,  and  died  48  days 
afterwards. 

Lungs. 

There  is  a  patchy  consolidation  with  numerous  areas 
of  caseation.  The  lesions  are  evidently  progressive. 
Bacilli  are  fairly  plentiful. 

Liver. 

The  liver  is  riddled  with  minute  lesions,  many  of 
which  are  commencing  to  caseate.    Bacilli  are  scanty. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 

SjJleen. 

The  spleen  is  very  extensively  caseous.  Bacilli  are 
numerous. 

Bronchial  Gland. 

There  are  large,  progressive  patches  of  caseation  in 
which  bacilli  are  numerous. 


Summary. 

General  dissemination,  progressive  and  moderately  acute  in  type. 


VIRUS-H  114.  A.U. 
(1.) 

Animal  Inoculated.— Monkey  223. 


Monkey  223  was  inoculated  subcutaneously  with  Lungs. 
1  mg.  of  culture  of  H  114.  A.U.,  and  died  109  days        The  tissue  shows  large  progressive  and  semi-con- 
afterwards,  fluent  caseous  tubercles  in  which  bacilli  are  plentiful. 
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Liver. 


Spleen. 


Caseous  tubercles  of  various  sizes  occur  throughout  The  spleen  shows  large  and  progressive  caseous  foci 
the  tissue  and  contain  large  numbers  of  bacilli.  in  which  bacilli  are  abundant. 


Kidneys. 


Bronchial  Gland. 


There  are  discrete,  caseous  foci  in  which  bacilli  are  Large  caseous  patches  are  present,  but  bacilli  are 
numerous.  not  numerous. 

Summary. 

Disseminated  tuberculosis  of  a  progressive  and  moderately  acute  type. 


(2.) 

Animal  Inoculated.— Monkey  225 


Monkey  225  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  H  114  A.U.,  and  died  100  days 
afterwards. 

Lungs. 

There  is  some  thickening  of  the  alveolar  walls,  but 
neither  tubercles  nor  bacilli  have  been  found. 

Liver. 

There  are  several  small  tubercles  of  a  quiescent  or 
retrogressive  character.    No  bacilli  have  been  found. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 


Spleen. 

The  spleen  shows  very  extensive  and  ramifying 
caseous  tracts.    Bacilli  are  scanty. 


Summary. 

There  is  evidence  of  dissemination,  with  particularly  severe  incidence  on  the  spleen.  Bacilli  are  scanty 
and  the  infection  is  not  of  an  acute  type. 


General  Results. 


Monheys  67,  69,  and  71. — These  animals,  inoculated 
subcutaneously  with  small  doses  ("Ol  to  1  mg.)  of 
culture  of  H  8.  S.C.,  have  all  yielded  disseminated 
tuberculosis  of  a  chronic  type.  The  lesions  contain 
few  bacilli,  but  appear  to  be  slowly  progressive. 
These  results  are  less  severe  than  those  produced  in 
monkeys  inoculated  subcutaneously  with  the  same 
doses  of  bovine  bacilli. 

MonTceys  93,  101,  and  103. — In  these  animals,  in- 
oculated subcutaneously  with  from  1  to  10  mg.  of 
H  53.  D.H.  (a),  the  amount  of  disease  produced 
is  remarkably  small. 

Monkeys  109  ana  135. — These  animals  were  also 
inoculated  subcutaneously  with  H  53.  D.H.  (a).  The 
former  of  the  two  shows  more  severe  disease  than  the 
three  preceding  animals  ;  and  after  the  comparatively 
small  dose  of  1  mg.  Monkey  135  shows  extensive 
fibro-caseous  disease  of  the  lungs. 

Chimpanzee  5,  inoculated  subcutaneously  with  1  mg. 
of  H.  59.  L.B.,  a  virus  highly  virulent  for  the  bovine, 
shows  a  chronic,  slowly  progressive  type  of  disease, 
with  scanty  numbers  of  bacilli.  This  result  may  be 
contrasted  with  the  severe  disease  produced  in  Chim- 
panzee 24,  inoculated  subcutaneously  with  "  '00001 
mg."  of  a  bovine  virus. 

Monkeys  81  and  83. — In  each  of  these  animals 
disseminated  disease  was  produced  after  feeding  with 
1  mg.  of  H  60.  W.B.  (strain — Mesenteric  Gland)  and 
in  the  latter  the  disease  was  decidely  acute  in  type. 

Monkey  77,  inoculated  subcutaneously  with  1  mg.  of 
H  61.  E.G.,  a  virus  of  low  virulence  for  the  bovine, 


shows  advanced  infection  of  an  acute  type,  with  large 
numbers  of  bacilli.  Similar  results,  recorded  in  my 
previous  report,  were  obtained  with  -1  and  "01  mg.  of 
this  virus. 

Monhey  195. — Severe  generalised  tuberculosis  was 
produced  after  subcutaneous  inoculation  with  1  mg.  of 
H  71.  L.V. 

Monkeys  85,  89,  and  91. — Severe  disease  was  pro- 
duced in  these  three  animals.  They  were  inoculated 
subcutaneously  with  -001,  1,  and  10  mg.  of  H  74.  D.S., 
a  virus  of  low  virulence  for  the  bovine. 

Monkeys  95,  97,  and  99. — In  these  animals  severe 
disseminated  disease  was  produced  after  subcutaneous 
inoculation  with  H  81.  P.W. 

Monkeys  143  and  231. — In  these  animals  severe  pro- 
gressive disease  was  produced  by  subcutaneous  inocu- 
lation with  H  84.  M.S. 

Chimpanzee  11  and  Monkey  125. —  Disseminated 
disease  of  a  mild  type  has  been  produced  after  feeding 
with  1  mg.  of  H  85.  H.B. 

Monkeys  119,  121,  123,  and  153. — These  animals 
were  inoculated  subcutaneously  with  H  85.  H.B.  In 
the  first,  '01  mg.  produced  severe  disseminated  disease  ; 
in  the  three  following,  disseminated  disease  of  a 
milder  type  was  produced  by  doses,  respectively,  of 
•1  mg.,  1  mg.,  and  10  mg. 

Monkey  133. — Slight  dissemination  was  produced  by 
•1  mg.,  subcutaneously,  of  H  91.  H.S. 
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Monkey  177. — Severe  disseminated  disease  followed 
the  subcutaneous  inoculation  of  1  mg.  of  H  92.  D.N. 

Monkey  151. — Acute  disseminated  tuberculosis  fol- 
lowed the  subcutaneous  inoculation  of  '01  mg.  of 
H  99.  L.K. 

Monkey  163. — Disseminated,  caseous  lesions,  not  rich 
in  bacilli,  were  produced  by  1  mg.,  subcutaneously,  of 
H  100.  K.S.  (culture  from  original  material). 

Monkey  211. — Acute,  disseminated  tuberculosis  after 
1  mg.,  subcutaneously,  of  H  101.  E.G. 

Monkey  213. — Disseminated  tuberculosis  of  a  chronic 
type  after  1  mg.,  subcutaneously,  of  H  102.  N.H. 

Monkeys  171  and  217. — In  each  case  disseminated 
tuberculosis  was  produced  after  1  mg.,  subcutaneously, 
of  H.  103.  W.S.  The  former  animal  was  more  acutely 
infected  than  the  latter. 


Monkeys  251  and  165. — Acute  infection  after  1  mg,, 
subcutaneously,  of:  H  107.  H.H.  (original  material) 
and  1  mg.  of  H  108.  H.R.  (original  material). 

Monkeys  185  and  197. — In  the  former  animal  '1  mg. 
of  H  109.  M.W.,  subcutaneously,  produced  slight 
disease  in  the  lungs  and  liver  but  severe  disease  in  the 
spleen.  In  Monkey  1 97  1  mg.  of  the  same  virus  pro- 
duced severe  disseminated  tuberculosis. 

Monkeys  179,  181,  and  183.— In  these  animals, 
inoculated  subcutaneously  with  H  110.  J.B,,  severe 
disseminated  disease  has  been  produced. 

Monkey  189. — Acute  disseminated  disease  after  1  mg., 
subcutaneously,  of  H  111.  S.E. 

Monkeys  201,  223,  and  225. — Disseminated  disease, 
of  a  moderately  severe  type,  after  subcutaneous 
inoculation  with  H  112.  B.B.  and  H.  114.  A.U. 


IV.-LESIONS  IN  SWINE. 


I.  — Feeding  with  Bacilli  of  Low  Virulence  for  the 

Bovine. 

H  50.  P.H. :  Pig  55.— Pig  55  was  fed  with  50  mg. 
of  culture  and  was  killed  92  days  afterwards.  In  the 
specimen  of  lung  a  few  small  consolidated  foci  have 
been  found  ;  they  have  not  the  structure  of  definite 
tubercles  but  one  or  two  tubercle  bacilli  have  been 
found  in  them. 

H  56.  F.T.:  Pig  57.— Pig  37  was  fed  with  50  mg. 
of  culture  and  was  killed  91  days  afterwards.  In  the 
specimen  of  iung  there  are  a  few  foci  which  are  filled 
with  lymphocytes  and  are  possibly  tubercular  in 
origin  ;  no  bacilli  have  been  found  in  them.  No 
lesions  or  bacilli  have  been  found  in  the  liver.  In  a 
mesenteric  gland  there  is  a  large  caseous  nodule  in 
which  no  bacilli  have  been  found. 

H  67.  E.P. :  Pigs  125  and  i.27.— Both  animals 
were  fed  with  emulsions  of  tuberculous  tissue  rich  in 
bacilli.  The  former  was  killed  7  days  and  the  latter 
12  days  after  feeding.  From  both  animals  specimens 
of  lungs,  liver,  kidneys,  spleen,  and  mesenteric  gland 
have  been  examined,  but  neither  lesions  nor  tubercle 
bacilli  have  been  found. 

H  68.  R.B. :  Pig  75.— Pig  75  was  fed  with 
culture  for  19  weeks,  the  total  dose  being  1,500  mg., 
and  was  killed  176  days  after  the  commencement  of 
the  experiment.  In  the  luDgs  there  are  large  tubercles 
in  which  no  bacilli  have  been  found  ;  some  of  the 
lesions  are  necrotic  and  surrounded  by  fibroblasts, 
others  are  filled  up  with  lymphocytes.  No  lesions 
or  bacilli  have  been  found  in  the  liver,  kidneys,  or 
spleen.  A  mesenteric  gland  has  undergone  extensive 
fibro-caseous  change ;  no  bacilli  have  been  found 
in  it. 

•  H  110.  J.B.  :  Pigs  1  11  and  143. — These  pigs  were 
each  fed  with  100  mg,  of  culture.  Pig  141  was  killed 
7  days  afterwards  and  Pig  143  thirteen  days  after 
feeding.  In  the  specimens  of  lungs  and  livers  of  both 
animals  neither  lesions  nor  bacilli  have  been  found. 
But  in  both  cases  fairly  numerous  bacilli  have  been 
found  in  the  mesenteric  glands  and  a  few  have  also 
been  seen  in  the  submaxillary  lymphatic  glands. 

II.  — Subcutaneous  Inoculation  with,  Bacilli  of  Low 

Virulence  for  the  Bovine. 

H  50.  P.H. :  Pig  49.—V\g  49  was  killed  92  days 
after  subcutaneous  iuoculation  with  50  mg.  of  culture. 


In  the  lungs  there  are  isolated,  necrotic  tubercles, 
with  dense  fibrous  walls  and  containing  a  few  bacilli. 
Apart  from  these  areas  the  alveolar  walls  show  some 
general  thickening  but  there  is  no  evidence  that  this 
has  been  caused  by  tubercle  bacilli.  In  the  liver, 
kidneys,  and  a  thoracic  gland  no  tubercles  or  tubercle 
bacilli  have  been  found. 

H  53.  D.H.  (a) :  Pig  89.— Fig  89  was  inoculated 
subcutaneously  with  1  mg.  of  culture  and  was  killed  123 
days  afterwards.  In  the  specimen  of  lung  there  arc 
several  caseous  tubercles,  surrounded  by  a  dense 
fibrous  zone  and  obviously  of  a  cbronic  type  ;  no  bacilli 
have  been  found  in  them.  In  the  liver  small,  densely 
fibrous  tubercles  are  present ;  no  bacilli  have  been 
found  in  them.  No  lesions  or  bacilli  have  been  found 
in  the  kidneys  or  spleen.  In  a  portal  gland  there  are 
large  caseous  tubercles,  surrounded  by  a  thick  fibrous 
wall  and  containing  no  demonstrable  bacilli. 

H  53.  D.H.  (a)  :  Pig  121.— Vig  121  was  inoculated 
subcutaneously  with  50  mg.  of  culture,  and  died  146 
days  afterwards.  The  lungs  show  large  irregular 
patches  of  consolidation  which  are  partially  caseous 
and  are  in  every  respect  typical  of  tubercular  pneu- 
monia ;  the  lesions  contain  numerous  bacilli  and  are 
evidently  progressive.  The  liver  and  spleen  contain  a 
few  chronic  tubercles  in  which  no  bacilli  have  been 
found.  No  lesions  or  bacilli  have  been  found  iu  the 
specimen  of  kidney.  A  bronchial  gland  is  in  an 
advanced  stage  of  caseation  and  contains  numerous 
bacilli. 

H  56.  F.T. :  Pig  43.—Yig  43  was  inoculated  sub- 
cutaneously with  50  mg.  of  culture  and  was  killed 
91  days  afterwards.  In  the  lungs  there  are  a  few 
small  tubercles,  centrally  caseous,  and  surrounded  by 
a  broad  fibrous  zone  ;  no  bacilli  have  been  found 
No  tubercles  or  bacilli  have  been  found  in  the  liver 
or  kidneys.  In  a  thoracic  gland  there  are  caseous 
tubercles  surrounded  by  dense  fibrous  walls.  No 
bacilli  have  been  found  in  them. 

H  85.  H.B.  :  Pig  li7.— This  animal  was  killed 
268  days  after  subcutaneous  inoculation  with  10  mg. 
of  culture.  The  lungs  show  extensive  consolidation 
with  advanced  fibroid  change  ;  no  tubercle  bacilli  have 
been  found  in  them.  In  the  liver  there  is  a  large 
fibro-caseous  lesion  in  which  no  bacilli  have  been 
found.  The  specimen  of  kidney  is  normal.  In  a 
thoracic  gland  there  are  advanced  caseous  lesions  in 
which  no  bacilli  have  been  found. 


General  Results. 


In  most  of  the  above  experiments  no  more  than 
a  mild,  chronic,  and  generally  retrogressive  type  of 
disease  has  been  produced  in  swine  by  human  bacilli  of 
relatively  low  virulence  for  the  bovine.    The  feeding 


experiments,  as  well  as  the  subcutaneous  inoculations, 
have  produced  disease  in  the  lungs. 

More  severe  disease  has  been  produced  in  Pig  121, 
by  the  subcutaneous  inoculation  of  50  mg.  of 
H  .53.  D.H. 
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V.-LESIONS  IN  GUINEA-PIGS. 

(a)  Infections  with  Less  Virulent  Viruses. 
(1.) 

VIRUS-H68.  R.B. 
Animal  Inoculated.— G.P.  1988. 


G.P.  1988  was  inoculated  subcutaneously  with 
•1  mg.  of  culture  of  H  68.  R.B.,  and  died  79  days 
afterwards. 

Lungs. 

The  greater  number  of  the  alveoli  are  still  patent 
but  there  are  several  small  consolidated  foci ;  these  are 
necrotic,  contain  large  numbers  of  leucocytes,  and 
many  bacilli  ;  but  the  bacilli  have  not  grown  into 
dense  masses. 

SUMMAEY. 

Severe  infection  of  the  liver  ;  much  less  extensive  disease  of  the  lungs. 


Liver. 

The  liver  parenchyma  is  to  a  large  extent  replaced 
by  diffuse  areas  of  complete  caseation.  Bacilli  are 
numerous. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Iliac  Glatid. 

The  gland  contains  areas  of  commencing  and  of 
advanced  caseation.    Bacilli  are  fairly  numerous. 


(2.) 

VIRUS-H  70.  N.W. 
Animal  Inoculated.— G.P.  1976. 


G  P.  1976  was  inoculated  intraperitoneally  with 
•1  mg.  of  culture  of  H  70.  N.W.,  and  died  40  days 
afterwards. 

Liiiigs. 

The  lungs  contain  many  patches  of  consolidation, 
consisting  of  semi-confluent,  breaking  down  foci.  In 
these  there  are  large  masses  of  leucocytes  and  nuclear 
debris,  and  bacilli  are  extremely  abundant. 

Liver. 

The  liver  is  permeated  with  numerous  small,  semi- 
confluent,  caseous  tubercles  which  have  no  definite 
boundary  zone.  Bacilli  are  numerous  in  these  areas 
and  also  occur  in  fairly  large  numbers  throughout  the 


rest  of  the  tissue,  where  there  are  innumerable  small 
foci  showing  slight  necrotic  change  but  not  forming 
definite  tubercles. 

Kidneys. 

The  kidneys  contain  small,  slightly  caseous,  and 
breaking  down  lesions  in  which  bacilli  are  extremely 
numerous.  In  the  interstitial  tissue  adjacent  to  these 
areas  no  histological  changes  are  observable,  but  there 
is  an  invasion  of  bacilli  in  considerable  numbers. 

A  Lymphatic  Gland. 

The  gland  examined  is  nearly  filled  with  necrotic, 
caseating  material  and  contains  enormous  numbers  of 
bacilli. 


Summary. 

Acute  disseminated  infection,  with  abundant  multiplication  of  bacilli  in  most  of  the  lesions. 


(3.) 

VIRUS-H  71.  L.V. 
Animal  Inoculated.— G.P.  1989. 


G.P.  1989  was  inoculated  iatraperitoneally  with 
1  mg.  of  culture  of  H  71.  L.V.  (a),  and  died  32  day.s 
afterwards. 

Lungs. 

There  is  a  generalised  thickening  of  the  alveolar 
walls  but  about  half  the  alveoli  are  still  patent.  The 
rest  of  the  tissue  is  consolidated  and  contains  large 
masses  of  leucocytes,  but  is  not  definitely  caseous.  In 
the  consolidated  areas  bacilli  are  very  numerous  ;  they 
are  also  freely  distributed  throughout  the  rest  of  the 
tissue. 


Liver  and  Spleen. 

The  liver  and  spleen  contain  large  ramifying  tracts 
of  early  caseation  and  many  areas  showing  slight 
disintegration  but  without  definite  caseation.  Bacilli 
are  numerous  in  the  older  lesions  but  rather  scanty  in 
the  earlier. 

Kidneys, 

The  kidney  contains  many  small  lesions,  some 
slightly  .  caseous  and  others  not  yet  advanced  to 
caseation.  In  all  these  situations  bacilli  are  fairly 
numerous;  they  are  also  found  invading  the  interstitial 
tissue  where  there  are  no  signs  of  histological  change. 


Summary. 


Generalised,  progressive  infection,  with  severe  incidence  on  both  lungs  and  liver. 


Histology — Human  Viruses  in  Guinea-pigs.  71 

(4.) 

vmus-H  81.  P.W. 
Animal  Inoculated.— G.P.  2340. 


G.P.  2340  was  inoculated  intraperitoneally  with 
•1  mg.  of  culture  of  H  81.  P.W.,  and  died  35  days 
afterwards. 

Lungs. 

The  tissue  is  crowded  with  large,  breaking  down, 
caseous,  confluent  lesions  in  which  bacilli  are  extremely 
numerous. 

Liver. 

Throughout  the  tissue  there  are  numerous  small 
tubercles  which  are  irregular  in  outline  and  in  an 
early  stage  of  caseation.  The  lesions  are  becoming 
confluent,  but  the  general  destruction  of  the  liver 
parenchyma  is  much  less  than  is  usual  in  acute  in- 
fection. Bacilli  are  moderately  plentiful  in  all  the 
lesions  but  are  much  less  abundant  than  in  the  lungs 
and  have  nowhere  grown  into  large  groups. 


Kidneys. 

In  the  specimen  examined  no  lesions  have  been 
found  in  the  cortical  portion,  but  the  medulla  contains 
a  fairly  large  tubercle  of  irregular  outiii  e.  It  is 
breaking  down  and  filled  with  nucltar  debris.  It  con- 
tains extremely  large  numbers  of  bacilli  ;  bacilli  are 
also  found  infiltrating  the  adjacent  interstitial  tissue 
which  shows  no  histological  change 

Spleen. 

Nearly  the  whole  of  the  tissue  is  occupied  with  con- 
fluent caseating  tubercles,  containing  very  large 
numbers  of  bacilli. 

Bronchial  Gland. 

The  gland  is  almost  completely  necrotic  and  is 
filled  with  dense  masses  of  bacilli. 


Summary. 

Acute,  disseminated  infection  with  severe  incidence  on  the  lungs  ;  the  liver  is  rather  less  severely  affected 
than  usual. 


(5.) 

VIRUS-H  81.  P.V7. 
Animal  Inoculated.— G.P.  2454. 


G.P.  2454  was  inoculated  subcutaneously  with 
•00001  mg.  of  culture  of  H  81.  P.W.,  and  died  184 
days  afterwards. 

Lungs. 

The  tissue  is  nearly  completely  solidified  ;  it  is 
slightly  caseous,  and  is  crowded  with  groups  of  bacilli. 
Leucocytes  are  very  abundant  in  the  neighbourhood 
of  the  bacilli,  and  contain  large  numbers  of  them. 

Liver. 

There  are  irregular,  ramifying  tracts  of  caseation. 


without  any  demarcation  zone.  Bacilli  are  moderately 
numerous. 

Kidneys. 

A  caseous  lesion  is  present,  in  which  bacilli  occur 
in  small  numbers. 

Spleen. 

There  is  a  network  of  caseous  tracts.  Bacilli  are 
numerous. 


Summary. 

Acute  disseminated  tuberculosis,  with  particularly  abundant  multiplication  of  bacilli  in  the  lungs. 


(6.) 

VIRUS-H  82.  G.F. 
Animal  Inoculated— G.P.  2444. 


G.P.  2444  was  inoculated  intraperitoneally  with 
•1  mg.  of  culture  of  H  82.  G.F.,  and  died  161  days 
afterwards. 

Limgs. 

The  greater  part  of  the  tissue  is  solidified  and  con- 
tains large  caseous  patches.  Bacilli  are  scanty  in  the 
caseous  areas  but  fairly  numerous  in  the  cellular  parts 
of  the  lesions  ;  they  have  nowhere  formed  large 
groups. 

Liver. 

The  tissue  is  permeated  throughout  with  large 
ramifying  areas  of  complete  and  partial  caseation. 
Bacilli  are  scanty  and  nowhere  form  groups. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

There  are  large  areas  some  of  which  show  complete 
and  others  partial  necrosis,  but  a  considerable  amount 
of  normal  tissue  is  left.    Bacilli  are  scanty. 

Bronchial  Gland. 

There  are  extensive  slightly  caseous  areas,  showing 
some  tendency  to  diffuse  fibroid  change.  Bacilli  are 
scanty. 


Summary. 

Disseminated  infection,  relatively  chronic  in  type,  and  associated  with  relatively  small  numbers  of  bacilli. 


72 


Histology — Human  A^iruses  in  Guinea-pigs. 


(7.) 

VIRUS-H  85.  H.B. 
Animal  Inoculated.— G.P.  2575. 


G.P.  2575  was  inoculated  snbcutaneously  with 
1  mg.  of  culture  of  H  85.  H.B.,  and  died  140  days 
afterwards. 

Lungs. 

The  lungs  are  semi-solid  with  innumerable  caseous 
patches  which  contain  bacilli  in  rather  scanty  numbers. 
Leucocytes  are  very  abundant. 


Liver. 

The  liver  is  extensively  necrotic.    Bacilli  are  scanty. 
Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen, 

Like  the  liver,  the  spleen  is  extensively  necrotic. 
Bacilli  are  rare. 


Summary. 

General  dissemination  with  extensive  necrotic  change.    Bacilli  scanty. 


(J})  Infection  with  Dead  Bacilli. 

VIRUS  H  80.  D.M. 
Animal  Inoculated.— G.P.  2976. 


G.P.  2976  received  an  intraperitoneal  inoculation 
with  100  mg.  of  dead  broth  culture  of  H  80.  D.M.,  and 
died  23  days  afterwards. 

Lungs. 

The  specimen  of  lung  is  almost  completely  consoli- 
dated. There  is  no  caseation  or  other  sign  of 
tuberculosis.    No  bacilli  have  been  found. 


Liver  and  Kidneys. 
No  lesions  or  bacilli  have  been  found. 

Spleen. 

Three  bacilli  have  been  found,  and  there  are  also  a. 
few  suspicious  foci  which  do  not  contain  bacilli. 


Summary. 

With  the  exception  of  three  bacilli  found  in  the  spleen,  there  is  no  evidence  of  dissemination. 


General  Results. 


The  guinea-pigs  examined  afford  examples  of  the 
effects  produced  in  this  species  of  animal  by  human 
tubercle  bacilli  of  low  virulence  for  the  bovine. 

In  the  animal  inoculated  intraperitoneally  with  a 
very  large  dose  (100  mg.)  of  dead  bacilli,  practically 
no  dissemination  was  found. 

In  all  the  animals  inoculated  with  living  bacilli 
generalised  and  fatal  t'lberculosis  was  produced. 

Comparing  the  different  organs  examined,  the 
kidneys  have  suffered  the  least  severely.  In  three 
out  of  seven  cases  examined,  the  specimens  of  kidney 
selected  for  microscopic  examination  showed  neither 
lesions  nor  tubercle  bacilli.  In  all  the  other  organs, 
viz.,  lungs,  liver,  lymphatic  glands,  and  spleen,  tubercle 
bacilli  were  found  in  every  specimen  examined,  and 
destructive  tissue  changes  were  always  found  in 
association  with  the  bacilli. 

In  the  lungs  the  amount  of  disease  varied  in 
different  cases.  Tubercles  were  always  present.  In 
one  case  the  area  occupied  by  the  lesions  was  small 
relatively  to  the  normal  tissue  ;  in  the  other  six  i 


was  extensive,  amounting  to  from  one  half  to  nearly 
the  whole  of  the  total  area  of  the  section.  No  con- 
stant relationship  was  found  between  the  extent  of 
disease  and  the  number  of  bacilli  present.  In  four  of 
the  severely  afEected  lungs  bacilli  were  very  abundant ; 
in  one  case  the  lung  was  extensively  caseous,  but 
showed  relatively  few  bacilli  ;  in  the  other  twoanicaala 
bacilli  were  moderately  numerous. 

The  livers,  with  one  exception,  were  very  exten- 
sively caseous.  The  exceptional  case,  where  the 
general  destruction  of  the  liver  parenchyma  was  below 
the  average,  showed  more  extensive  disease,  and  more 
abundant  multiplication  of  bacilli,  in  the  lungs, 
although  the  inoculation  was  intraperitoneal.  In  the 
liver,  as  in  the  lungs,  there  was  no  constant  relation- 
ship between  the  extent  of  disease  and  the  number 
of  bacilli  present.  Bacilli  were  usually  numerous, 
but  in  two  livers,  where  there  was  extensive  necrosis, 
they  were  scanty. 

All  the  spleens  examined  were  extensively  caseous. 
In  the  two  cases  where  bacilli  were  scanty  in  the 
livers,  they  were  also  scanty  in  the  spleens. 
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VI.-LESIONS  IN  FOWLS  AND  PARROTS. 

(a)  Fowls. 
(1.) 

VIRUS-H  53.  D.H. 
Animal  Inoculated.— Fowl  19. 


Fowl  19  was  inoculated  intravenously  with  10  mg. 
of  culture  of  H  53.  D.H.  (a),  and  died  14  days  after- 
wards. 

Lungs. 

Throughout  the  tissue  there  are  numerous  small 
groups  of  tubercle  bacilli  which  have  produced 
slight  necrosis  in  the  situations  where  they  occur 
but  have  not  led  to  the  formation  of  any  lesions 
suggestive  of  tubercles.  The  majority  of  the  bacilli 
resemble  serum  grown  bacilli  and  show  no  definite 
signs  of  multiplication. 

Liver. 

Bacilli  are  distributed  throughout  the  liver  in  small 
groups,  which  occur  in  almost  every  microscopic  field. 
Some  of  the  bacilli  are  longer  than  those  usually  met 


with  in  serum  cultures.  The  bacilli  are  associated 
with  an  abundant  and  generally  distributed  infiltration 
of  leucocytes  and  lymphocytes,  and  the  cells  in  im- 
mediate contact  with  the  bacilli  show  necrotic  change  ; 
but  there  are  no  lesions  with  the  definite  structure  of 
tubercles  and  no  giant  cells. 

Kidneys. 

A  few  small  groups  of  bacilli  are  present  but  are  not 
associated  with  any  lesions. 

•  Spleen. 

Small  groups  of  bacilli  are  present  in  almost  every 
microscopic  field.  Many  of  them  are  longer  than 
serum-grown  bacilli.  The  bacilli  are  often  associated 
with  areas  of  slight  necrosis  and  a  few  imperfectly 
formed  giant  cells  are  present. 


Summary. 

Bacilli  are  generally  distributed  and  are  particularly  numerous  in  the  spleen  and  liver.  They  have 
not  produced  tubercles,  but  are  associated  with  slight  necrosis.  The  lesions  do  not  seem  sufficient  to 
account  for  the  death  of  the  animal. 


(2.) 

VIRUS-H  53.  D.H. 
Animal  Inoculated.— Fowl  21. 

Fowl  21  was  inoculated  intravenously  with  50  mg.  of 
culture  of  H  53.  D.H.  (a),  and  died  12  days  afterwards. 

Lungs. 

There  are  numerous  groups  of  bacilli  which  resemble 
serum  grown  bacilli,  but  there  is  no  sign  of  tubercle 
formation. 

Livei: 

There  is  a  general  infiltration  of  lymphocytes  and 
leucocytes  which  is  particularly  dense  at  the  periphery 

Summary. 

Similar  to  Fowl  19.    The  larger  dose  does  not  appear  to  have  been  more  severe  in  its  effects. 


of  blood-vessels.  Tubercle  bacilli  are  numerous  and 
are  generally  distributed,  but  have  not  produced  lesions 
typical  of  tuberculosis. 

Kidneys. 

A  few  small  groups  of  bacilli  are  present. 

Bacilli  are  scattered  throughout  the  organ  in  fairly 
large  numbers,  and  have  produced  foci  of  slight 
necrosis. 


(3.) 

VIRUS-H  68.  R.B. 
Animals  Inoculated.— Fowls  15  and  16. 


Fowls  15  and  16  were  both  inoculated  intravenously 
with  culture  of  H  68.  R.B.,  the  former  receiving 
10  mg.  and  the  latter  50  mg.  They  were  both  killed 
90  days  after  inoculation. 

Langs. 

The  lungs  of  both  animals  appear  to  have  completely 
escaped  infection. 

Livers. 

The  two  livers  are  alike.  Surrounding  some  of 
the  blood-vessels  there  are  groups  of  lymphocytes,  and 


there  are  some  small  patches  where  the  parenchymatous 
ceils  stain  imperfectly.  No  tubercle  bacilli  have  been 
found. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleens 

There  are  several  minute  areas  where  the  cells  stain 
imperfectly,  and  in  a  few  of  these  there  are  red  particles 
(in  carbol-fucbsin  and  methylene  blue  specimens) 
which  are  probably  fragments  of  bacilli. 


Summary. 

The  appearance  of  the  livers  and  spleens  suggests  that  destruction  of  the  bacilli  has  taken  place  in  these 
organs,  but  no  definite  tubercle  bacilli  or  lesions  unmistakably  attributable  to  them  have  been  found  in 
any  of  the  organs. 
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(4.) 

VIRUS-H  81.  P.W. 
Animal  Inoculated.— Fowl  131. 


Fowl  131  was  inoculated  intravenously  with  40  mg. 
of  culture  of  H  81.  P.W.,  and  died  51  days  after- 
wards. 


Lungs. 

There  is  a  patch  of  consolidation,  but  it  is  not 


histologically  suggestive  of  tuberculosis  and  no  tubercle 
bacilli  have  been  found  in  it. 

Liver,  Kidneys,  and  Sjdeen. 

In  these  organs  there  are  a  few  areas  of  cellular 
infiltration  apparently  due  to  some  irritant,  but  no 
definite  evidence  of  tubercles  or  tubercle  bacilli  has 
been  found. 


Summary. 
No  evidence  of  tuberculosis. 


(5.) 

VIRUS-H  107.  H.H. 
Animal  Inoculated.— Fowl  143. 


Fowl  143  was  inoculated  intravenously  with  10  ing. 
of  culture  of  H  107.  H.H.  (original  material),  and 
died  30  days  afterwards. 

Lungs. 

There  are  many  small,  slightly  caseous  foci  in  each 
of  which  several  bacilli  are  present.  Many  of  the 
bacilli  are  disintegrated,  and  there  are  no  signs  of 
active  multiplication. 

Liver. 

There  are  many  small  deposits  of  bacilli  which  have 


caused  accumulations  of  lymphocytes  and  leucocytes 
but  no  definite  tubercles. 


Kidneys. 

A  few  bacilli  are  present  but  are  not  associated  with 
definite  lesions. 

Spleen. 

There  are  many  small  deposits  of  bacilli  which  have 
produced  slight  caseation  but  no  definite  tubercles. 


Sdmmary. 

Bacilli  are  disseminated  in  small  numbers,  but  show  no  signs  of  active  growth,  and  have  not  produced 
definite  tubercles. 


(6.) 

VIRUS-H  115.  N.G. 
Animal  Inoculated.— Fowl  133. 


Fowl  133  was  inoculated  intravenously  with  100  mg.  numerous  throughout  the  tissue.  Bacilli  are  scanty, 
of  dead  bacilli  of  H  115.  N.G-.,  and  was  killed  40  days 


afterwards. 

Lungs. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 


The  tissue  shows  very  numerous  small  foci  of 
partial  necrosis  in  each  of  which  a  few  bacilli  may 

generally  be  found.  bpleen. 

Bacilli  occur  throughout  the  specimen  in  scanty 
numbers  and  are  associated  with  small  areas  of  partial 
Small,   pale  areas  of  partial    necrosis  are  very  necrosis. 

Summary. 

The  bacilli  are  disseminated  in  small  numbers  and  have  produced  slight  necrotic  change. 
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[(h)  Parrots. 
(1.) 

VmUS-H  81.  P.W. 
Animal  Inoculated.— Parrot  1. 


Parrot  1  was  inoculated  intravenously  with  2  mg. 
of  culture  of  H  81.  P.W,,  and  died  20  days  afterwards. 

Lungs. 

There  are  no  lesions  resembling  tubercles  but  there 
are  several  foci  showing  fusions  of  partially  disinte- 
grated cells.  In  these,  bacilli  are  numerous  ;  in  other 
parts  of  the  tissue,  bacilli  are  found  here  and  there 
but  not  in  large  numbers  and  have  not  produced  any 
definite  histological  change. 

Liver. 

There  are  several  places  in  the  tissue  where  small 
groups  of  cells  of  the  liver  parenchyma  are  breaking 
down.    These  lesions  exhibit  no  cellular  boundary 


zone.  They  contain  small  groups  of  bacilli.  Bacilli 
are  also  found  occasionally  in  the  blood-capillaries, 
where  they  appear  to  have  produced  no  tissue  change. 

Kidneys. 

The  tissue  contains  some  small  lesions  which  are 
slightly  necrotic  in  the  centre  and  are  surrounded  by  a 
ring  of  plasma  cells.  They  contain  a  few  bacilli. 
Occasionally,  isolated  bacilli  are  found  in  other  parts 
of  the  tissue  showing  no  histological  change. 

Sjjleen. 

The  tissue  is  crowded  with  small,  pale,  partially 
necrotic,  confluent  areas,  in  all  of  which  bacilli  are 
numerous. 


Summary. 

General  dissemination  ;  the  spleen  is  severely  affected,  other  organs  only  slightly. 


(2.) 

VIRUS-H81.  P.W. 
Animal  Inoculated.— Parrot  3. 


Parrot  3  was  inoculated  .intravenously  with  10  mg.  Liver  and  Kidneys. 

of  culture  of  H  81.  P.W.,  and  died  9  days  afterwards.         Bacilli  are  scattered  about  the   tissues  in  small 

numbers  but  have  not  produced  any  lesions. 

Spleen. 

Lungs.  Bacilli  are  rather  more  numerous  than  in  the  liver 

or  kidneys  and  occur  in  all  parts  of  the  specimen.  In 
Numerous  clumps  of  bacilli  are  present,  but  no     some  places  they  are  associated  with  slight  cellular 
lesions  have  been  formed.  disintegration. 

Summary. 

The  bacilli  have  disseminated  beyond  the  lungs  in  small  numbers  ;  the  spleen  is  the  only  organ  showing  any 
sign  of  tissue  disintegration.  ^ 


(3.) 

VIRUS-H  81.  P.W. 
Animal  Inoculated.— Parrot  5. 

Parrots  was  inoculated  intravenouslv  with  •!  mg.  of  Liver 
culture  of  H  81.  P.W.,  and  was  killed  298  days  after-  ^^^-^^^  ^^^^  ^^'^^^  ^ 

wards. 

Kidneys. 

Lungs.  There  are  a  few  small,  typically  avian  tubercles 

which  are  bounded  by  fibroblasts,  contain  giant  cells, 
There  are  many  small  caseous  foci  of  a  chronic  type.     and  are  of  a  definitely  chronic  character.    No  bacilli 
No  bacilli  have  been  found.  have  been  found. 

Summary. 

There  are  chronic  lesions  in  the  lungs  and  kidneys,  but  no  bacilli  have  been  found. 
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(4.) 

VIRUS-H  81  P.W. 


Animal  Inoculated.— Parrot  9. 


Parrot  9  received  an  intramuscular  inoculation  of 
10  mg.  of  culture  of  H  81.  P.W.,  and  was  killed  289 
days  afterwards. 

Lungs. 

The  greater  portion  of  the  specimen  examined  is 
normal,  but  discrete,  centrally  necrotic  foci  are  present 
in  which  bacilli  are  very  rare. 

Liver 

Small  necrotic  foci  are  present  and  show  multi- 


n^ucleate  cell  masses  at  their  periphery.  Bacilli  are 
rare. 

Kidneys. 

There  are  minute,  slightly  caseous  foci,  in  which 
bacilli  are  rare. 

Heart 

In  the  cardiac  muscle  there  is  a  small,  slightly 
caseous  lesion  which  contains  a  giant  cell  and  a  few 
bacilli. 


Summary. 

Chronic,  disseminated  lesions  in  which  bacilli  are  present  but  rare. 


(5.) 

VIRUS-H  81  P.W. 


Animal  Fed.— Parrot  11. 


Parrot  11  was  fed  with  50  mg.  of  culture  of 
H  81.  P.W.,  and  died  73  days  afterwards.'"' 

Lungs. 

There  are  some  small  caseous  patches  and  a  few 
giant  cells.  A  few  small  groups  of  bacilli  have  been 
found  in  the  caseous  lesions. 


Liver  and  Kidneys. 
No  lesions  or  bacilli  have  been  found. 

Sjdeen. 

Several  caseous  lesions  occur.  In  one  of  them 
fragments  of  bacilli  have  been  found  ;  no  other 
evidence  of  bacilli  has  been  seen. 


Summary. 

Caseous  lesions  in  the  lungs  and  spleen  ;  bacilli  rare. 


General  Results. 


Folds. 

The  two  fowls  which  died  during  the  first  fortnight 
after  intravenous  inoculation  show  general  dissemina- 
tion of  bacilli,  but  no  definite  tubercle  formation, 
though  the  presence  of  bacilli  is  associated  with  areas 
of  slight  necrotic  change.  The  leucocytes  appear  to 
be  attracted  to  the  bacilli. 

In  the  two  fowls  killed  90  days  after  inoculation 
the  bacilli  have  disappeared  ;  no  lesions  have  been 
found  in  the  lungs,  but  the  livers  and  spleens  bear 
traces  of  infection.  These  two  fowls  appear  to  have 
had  less  difficulty  in  eliminating  their  bacilli  (belong- 
ing to  the  virus  H  68.  R.B.)  than  the  fowls  which 
were  inoculated  with  B  XXYI. 


In  the  three  experiments  which  terminated  at  inter- 
mediate periods,  very  little  tissue  change  has  been 
produced  and  the  bacilli  appear  to  be  dying  out. 

Parrots. 

Parrots  1  and  3,  inoculated  intravenously,  died  too 
early  to  justify  any  general  conclusions.  There  is 
general  dissemination,  and  the  spleen  seems  to  be  the 
organ  most  affected.  Parrots  5  and  9,  killed  at  a  late 
period  after  intravenous  and  intramuscular  inocula- 
tion, respectively,  show  chronic,  disseminated  lesions, 
but  very  few  bacilli  have  survived. 

The  parrot  which  was  fed  shows  caseous  lesions  in 
the  lungs  and  spleen,  with  scanty  numbers  of  bacilli. 


*  In  Parrot  7,  which  died  129  days  after  intraperitoneal  inoculation  with  1  mg.  of  the  same  virus,  the  specimens  of  lungs, 
liver,  kidneys,  and  spleen  show  neither  lesions  nor  bacilli. 
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VII.-LESIONS  IN  OTHER  ANIMALS. 

(«)  ACat.'- 
VIRUS-H  70.  N.W. 
Animal  Inoculated.— Cat  25. 


Cat  25  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  H  70.  N.W.,  and  died  29  days  after- 
wards. 

Lungs. 

An  occasional  bacillus  has  been  found  within  the 
alveolar  walls,  but  no  definite  lesions  have  been 
produced. 

Liver. 

Small  deposits  of  bacilli  are  present  in  all  parts  of 
the  tissue.  They  have  caused  destruction  of  the 
parenchymatous  cells  and  an  infiltration  of  leucocytes 
and  lymphocytes.  Bacilli  are  present  within  the 
blood  capillaries  in  many  places  where  there  is  no 
histological  change. 


Kidneys. 

There  are  some  small  patches  of  interstitial  infiltra- 
tion.   No  bacilli  have  been  found. 


Spleen. 

Small  numbers  of  bacilli  are  present,  occurring 
sometimes  singly  and  sometimes  in  small  groups. 
They  have  caused  slight  tissue  destruction  but  no 
definite  tubercles. 

Axillary  Gland. 

The  gland  is  completely  caseous  and  contains 
enormous  numbers  of  bacilli. 


Summary 

Minute  lesions  have  been  produced  in  the  liver.  The  amount  of  disease  is  not  sufficient  to  account  for 
death. 


(b)  Bogs. 

(1.) 

VIRUS-H  79.  J.N. 
Animal  Inoculated.— Dog  31. 


Uog  31  was  inoculated  intraperitoneally  with  50  mg. 
of  culture  of  H  79.  J.N.,  and  died  31  days  after- 
wards. 

Lungs. 

Bacilli  are  numerous  in  all  parts  of  the  tissue  and 
in  many  places  have  grown  into  groups.  They  have 
produced  general  thickening  of  the  alveolar  walls, 
patches  of  consolidation,  and  an  infiltration  of  leuco- 
cytes and  lymphocytes.  There  is  no  caseation,  and 
the  lesions  have  not  the  structure  of  definite  tubercles. 
Bacilli  frequently  occur  within  blood-vessels,  being 
contained  within  multinuclear  and  mononuclear  cells. 
No  fibrin  is  present. 

Liver. 

Bacilli  are  abundant  in  all  parts  of  the  tissue. 
They  have  produced  partial  necrosis  of  the  parenchy- 
matous cells,  swelling  and  increase  of  the  endothelial 
cells,  and  an  infiltration  of  leucocytes  and  lympho- 
cytes.   There  is  no  formation  of  definite  tubercles. 


Bacilli  frequently  occur  within  blood-vessels  and  are 
often  contained  within  leucocytes.  No  fibrin  is 
present. 

Kidneys. 

There  are  no  definite  lesions,  but  bacilli  occur 
frequently  both  within  glomeruli  and  in  the  inter- 
tubular  tissue. 

Spleen. 

Bacilli  are  very  abundant  but  have  produced  very 
little  tissue  destruction.  They  are  associated  with 
large  numbers  of  multinuclear  leucocytes. 


Sternal  Gland. 

The  gland  is  swarming  with  bacilli  and  is  partially 
necrotic.  There  is  an  abundant  accumulation  of 
multinuclear  leucocytes  and  their  remains. 


Summary. 

General  dissemination  and  abundant  multiplication  of  bacilli,  with  relatively  little  tissue  destruction. 


*  Other  cats  have  been  examined,  but  do  not  seem  worth  reporting  i?t  extenso.  Cat  27  was  killed  86  days  after  i}^*''^'^" 
peritoneal  inoctdation  with  10  mg.  of  H  70.  N.W.,  and  Cat  29  died  77  days  after  intraperitoneal  inoculation  with  50  mg-  oi  tne 
same  virus;  specimens  of  lung,  liver,  kidney,  spleen,  and  a  lymphatic  gland  of  each  animal  show  neither  tubercles  nor 
tubercle  basUli.  Similar  negative  results  have  been  found  with  Cat  41,  fed  with  60  mg.  of  the  same  virus  and  kiUed  108  days 
afterwards.  Slight  infection  has  been  found  in  the  lungs  and  liver  of  Cat  43  (kitten),  which  died  fifteen  days  after  intra- 
peritoneal inoculation  with  50  mg.  of  H  71.  L.V. 
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(2.) 

VIRUS— H  79.  J.N. 
Animal  Inoculated.— Dog  33. 


Dog  33  (pup)  was  inoculated  intraperitoneally  with 
10  mg.  of  culture  of  H  79.  J.N.,  and  died  32  days 
afterwards. 

Lungs. 

BacUli,  though  occurring  in  all  parts  of  the  tissue, 
are  less  numerous  than  in  the  lungs  of  Dog  31. 
There  is  a  more  or  less  general  thickening  of  the 
alveolar  walls  and  there  are  many  consolidated  foci. 
Some  of  these  foci  are  slightly  caseous  and  show 
more  increase  of  cells  of  endothelial  type  than  do 
the  lesions  in  the  lungs  of  Dog  31.  Leucocytes  are 
abundant  everywhere. 

Liver. 

The  liver  is  permeated  with  pale,  semi-necrotic 
areas,  between  which  strands  of  normal  parenchyma 
have  survived.    Bacilli  are  abundant.    The  tendency 


to  necrosis  is  more  advanced  than  in  the  liver  of 
Dog  31. 

Kidneys. 

Small,  slightly  caseous  tubercles,  containing  a  few 
bacilli,  are  present.  No  bacilli  have  been  found 
within  glomeruli. 

Spleen. 

Bacilli  are  very  abundant  in  many  places  and  have 
produced  extensive  areas  of  caseation. 


Sternal  Gland. 

The  gland  is  caseous  throughout  and  contains  very 
large  numbers  of  bacilli. 


Summary. 

General  dissemination  ;  bacilli  numerous  ;  more  tissue  destruction  than  in  Dog  31. 


(3.) 

VIRUS— H  81.  P.W. 
Animal  Inoculated.— Dog  43. 


Dog  43  (pup)  was  inoculated  intravenously  with 
1  mg.  of  culture  of  H  81.  P.W.,  and  died  33  days 
afterwards. 

Lufi.gs. 

The  tissue  shows  a  patchy,  non-caseous  consolida- 
tion. The  solidified  areas  consist  of  detached 
epithelium,  lymphocytes,  leucocytes,  and  large  numbers 
of  cells  resembling  young  fibroljlasts.  Amongst  this 
material  bacilli  are  scattered  in  large  numbers. 

Liver. 

Islands  and  strands  of  normal  parenchyma  are  left, 
but  the  greater  part  of  the  tissue  is  occupied  by  a 
cellular  infiltration,  amongst  which  the  nuclei  of  the 
disintegrated  liver  cells  have  survived.  The  new 
elements  consist  of  lymphocytes,  leucocytes,  and 
numerous  fibroblasts.  There  are  no  caseous  patches 
and  no  lesions  typical  of  tuberculosis.  Throughout 


the  cellular  infiltration  bacilli  are  distributed 
abundantly. 

Kidneys, 

There  are  a  few  small  patches  of  interstitial  cellular 
infiltration  ;  these  are  not  caseous,  but  contain  bacilli 
in  small  numbers. 

Spleen. 

Bacilli  are  distributed  in  fairly  large  numbers 
throughout  the  tissue  ;  there  is  no  caseation  or 
tubercle  formation,  but  there  is  a  tendency  to  fibroid 
change. 

Portal  Gland, 

The  gland  contains  enormous  numbers  of  bacilli  and 
shows  large  areas  of  commencing  necrosis.  Large 
numbers  of  bacilli  are  intracellular.  The  protoplasm 
of  degenerating  large  lymphocytes  is  often  filled  with 
them. 


Summary. 

General  dissemination,  with  abundant  multiplication  of  bacilli  in  the  lungs,  liver,  and  a  portal  gland  ;  no 
formation  of  typical  tubercles. 


(c)  Horses. 
(1.) 

VIRUS-H  81.  P.W. 
Animal  Inoculated.— Horse  1. 


Horse  1  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  H  81.  P.W.,  and  was  killed  116  days 
afterwards. 

Neither  tubercles  nor  tubercle  bacilli  have  been 


found  in  the  specimens  of  lungs,  liver,  kidneys,  or 
spleen.  In  the  left  prescapular  gland  there  are  a  few 
suspicious  granules  which  might  bo  fragments  of 
bacilli,  but  there  are  no  lesions  suggestive  of 
tuberculosis  and  no  unmistakable  bacilli. 


Summary. 

The  animal  has  completely  resisted  infection. 
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(2.) 

VIRUS-H  85.  H.B. 
Animal  Inoculated.— Horse  11. 


Horse  11  was  inoculated  intravenously  with  10  mg. 
of  culture  of  H  85.  H  B.,  and  died  51  days  afterwards. 

Lwigs. 

The  tissue  is  swarming  with  bacilli,  which  farm 
groups  and  colonies  visible  everywhere  with  a  low 
power.  There  is  no  tubercle  formation  or  tissue 
destruction  ;  bacilli  often  occur  within  otherwise 
normal  alveolar  walls  ;  but  amongst  the  larger  collec- 
tions of  bacilli  there  is  an  infiltration  of  lymphocytes 
aad  leucocytes. 

Liver. 

Bacilli  are  scattered  throughout  the  tissue  in  large 
numbers  and  have  often  grown  into  groups.  There  is 
no  tubercle  formation,  but  collections  of  lymphocytes 


and  leucocytes  are  often  found  associated  with  the 
bacilli. 

Kidneys. 

Small  groups  of  bacilli  occur  in  many  parts  of  the 
tissue  but  have  produced  no  definite  lesions. 

Spleen. 

Bacilli  are  numerous  and  generally  distributed  ;  they 
have  produced  foci  of  slight  caseation. 

Thoracic  Gland. 

The  gland  is  semi-caseous  throughout  and  is  crowded 
with  bacilli. 


Summary. 

G-eneral  dissemination  and  abundant  multiplication  of  bacilli ;  very  little  tissue  destruction  except  in  the 
thoracic  gland. 


(3.) 

VIRUS-H  92.  D.N. 
Animal  Inoculated.— Horse  7. 


Horse  7  was  inoculated  intravenously  with  10  mg. 
of  culture  of  H  92.  D.N.,  and  was  killed  137  days 
afterwards. 

Lungs. 

The  tissue  contains  numerous  small,  irregularly 
shaped  lesions  which  contain  giant  cells  but  are  not 
caseous  and  are  overrun  with  lymphocytes  and  leuco- 
cytes. Bacilli  are  rare  and  the  general  characters  of 
the  lesions  are  retrogressive. 


Liver,  Kidneys,  and  Spleen. 

No  lesions  or  bacilli  have  been  found  in  the  speci- 
mens examined. 

Bronchial  Gland. 

The  gland  contains  caseous  tubercles  of  a  conserva- 
tive type  in  which  bacilli  are  rare. 


Summary. 

Slight,  retrogressive  infection  of  the  lungs  and  a  bronchial  gland.  No  lesions  or  bacilli  found  in  the  other 
organs  examined. 


{d)  Goats. 
(1.) 

VIRUS-H  53.  D.H. 
Animal  Inoculated.— Goat  65. 


Goat  65  (a  kid)  was  inoculated  subcutaneously  with 
10  mg.  of  culture  of  H  53.  D.H.  (a),  and  died  38  days 
afterwards. 

Lungs. 

The  specimen  is  almost  completely  consolidated 
and  contains  many  caseous  patclies.  Giant  cells  are 
numerous.  Bacilli  occur  in  small  numbers  in  all  parts 
of  the  specimen. 

Liver. 

There  are  several  small,  slightly  caseous  tubercles. 
Giant  cells  are  numerous.    No  bacilli  have  been  found. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spjleen. 

There  are  several  small,  caseous  foci  in  which  giant 
cells  are  numerous.  A  few  bacilli  are  present  in  each 
of  these  foci. 

Mesenteric  Gland. 

There  are  numerous  caseous  patches  containing 
many  giant  cells.    Bacilli  are  scanty. 


Summary. 

Disseminated  tuberculosis  of  a  chronic  type. 
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(2.) 

VIRUS-H  85.  H.B. 
Animal  Inoculated— Goat  63. 


Goat  63  was  inoculated  subcutaneously  with  10  mo- 
of  culture  of  H  85.  H.B.,  and  was  killed  402  days 
afterwards 


Lungs. 

Discrete,  retrogressive,  and  densely  calcareous 
tubercles  are  present.  A  few  bacilli  have  been  found 
in  the  centre  of  the  lesions. 


Liver  and  Kidneys. 

These  organs  contain  tubercles  identical  in  histo- 
logical characters  with  those  found  ia  the  lungs. 
Bacilli  are  present  but  rare. 

Spleen  and  Popliteal  Gland. 

The  tissues  are  almost  entirely  replaced  by  cal- 
careous material.    A  few  bacilli  have  been  found. 


SOMMAEY. 

General  dissemination  ;  lesions  retrogressive  and  densely  calcareous  but  still  containing  a  few  bacilli. 


(3.) 

VIRUS-H  98.  B.R. 
Animal  Inoculated.— Goat  69. 


Goat  69  was  inoculated  subcutaneously  with  10  mg. 
of  culture  of  H  98.  B.R.,  and  was  killed  114  days 
afterwards. 

Lungs. 

There  are  many  semi-necrotic  foci  in  which  parasitic 
worms  (strongyli)  are  present ;  but  neither  definite 
tubercles  nor  tubercle  bacilli  have  been  found. 

Liver,  Kidneys,  and  Spleen. 
Neither  tubercles  nor  bacilli  have  been  found. 


Mammary  Gland. 

The  specimen  of  the  left  gland  shows  numerous 
tubercles.  These  are  centrally  caseous  and  have  a 
dense  fibrous  periphery.     No  bacilli  have  been  found. 

The  specimen  of  the  right  gland  shows  numerous 
lesions,  similar  on  the  whole  to  those  in  the  left  gland 
but  with  less  advanced  fibrous  tissue  formation.  A 
few  bacilli  have  been  found. 

Left  Prescapular  Gland. 
Neither  tubercles  nor  bacilli  have  been  found. 


Summary. 

The  bacilli  have  travelled  to  the  mammary  gland  and  have  there  set  up  extensive  tuberculosis  of  a 
chronic  type.    No  definite  evidence  of  tuberculosis  has  been  found  in  the  other  organs  examined. 


(4.) 

VIRUS-H  110.  J.B. 
Animal  Inoculated.— Goat  79. 


Goat  79  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  H  110.  J.B.,  and  was  killed  9  days 
afterwards. 

Lungs. 

The  tissue  is  congested  and  shows  many  small  foci 
which  are  crowded  with  leucocytes  and  are  commenc- 
ing to  caseate.  The  lesions  are  well  vascularised. 
Bacilli  are  present  in  these  sites  but  are  scanty.  The 
condition  of  the  lungs  indicates  recent  infection. 


Liver,  Kidneys,  and  Spleen. 
Neither  lesions  nor  bacilli  have  been  found. 

Prescapidar  Gland. 

The  gland  is  almost  completely  caseous  and  contains 
numerous  bacilli. 

Mammary  Gland. 
Neither  tubercles  nor  bacilli  have  been  found. 


SOMMAEY 

The  lungs  show  many  early  lesions  containing  a  few  bacilli.  Bacilli  are  abundant  in  the  prescapular 
gland. 
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(5.) 

VIRUS-H115.  N.G. 
Animal  Inoculated— Goat  81. 


Goat  81  was  inoculated  intravenously  with  2  mg.  of 
culture  of  H.  115.  N.G.,  and  died  41  days  afterwards. 

Lungs. 

In  one  specimen  the  tissue  is  highly  congested,  with 
very  little  air  space  left  ;  bacilli  occur  in  all  parts  of 
the  tissue  and  in  some  places  are  associated  with 
groups  of  broken  down  leucocytes,  but  they  have  not 
produced  definite  tubercles.  In  another  specimen 
there  is  irregular  thickening  of  the  alveolar  walls  and 
some  bacilli  are  present,  but  there  are  no  tubercles. 

Liver. 

No  definite  tubercles  have  been  found,  but  there  are 


numerous  patches  of  cellular  infiltration,  amongst 
which  bacilli  are  occasionally  found.  ° 

Kidneys  and  Spleen. 
A  few  bacilli  have  been  found,  but  no  tubercles. 

BroncJiial  Gland. 

There  are  several  caseous  foci  in  which  bacilli  are 
fairly  plentiful. 

Udder. 

Four  different  specimens  have  been  examined,  liut 
neither  tubercles  nor  bacilli  have  been  found. 


Summary. 

In  all  the  organs  examined  except  the  udder  bacilli  have  been  found.  They  are  numerous  in  the  lungs,  which 
are  partially  consolidated  but  do  not  contain  typical  tubercles.  In  the  liver,  kidneys,  and  spleen  bacilli  are 
scanty  and  have  not  formed  typical  tubercles. 


General  Results. 


Cat  25. — With  the  exception  of  the  axillary  gland, 
which  is  completely  caseous  and  overwhelmed  with 
bacilli,  very  little  histological  change  has  been  pro- 
duced. There  is,  however,  evidence  of  dissemination, 
particularly  in  the  liver,  where  bacilli  are  found  within 
the  blood  capillaries. 

Doffs  31,  33,  and  43. — All  three  animals  show 
general  dissemination  and  abundant  multiplication  of 
bacilli.  The  two  first  were  inoculated  inttaperitoneally, 
and  the  last  intravenously,  but  the  three  animals 
seem  to  have  all  succumbed  to  the  toxic  effects  of  the 
inoculation,  and  show  an  absence  of  typical  tubercle 
formation.  In  the  animal  inoculated  with  the  larger 
intraperitoneal  dose  (50  mg.),  bacilli  are  circulating 
freely  in  the  blood  stream,  and  there  is  little  tissue 
destruction  ;  in  the  dog  inoculated  with  10  mg.  intra- 
peritoneally,  though  the  duration  of  life  was  the 
same,  there  is  much  more  caseous  and  diffuse 
necrotic  change  ;  the  tissues  of  the  animal  which 
died,  in  about  the  same  time,  after  1  mg.  intravenously 
inoculated,  show  little  caseation,  but  some  attempt  at 
conservative  change.  Though  the  animals  were  in- 
oculated with  human  viruses  of  relatively  low  viru- 
lence for  the  rabbit  or  bovine,  the  disease  is  quite  as 
severe  as  that  produced-in  the  dog  by  bovine  viruses. 

Horse  1  completely  resisted  subcutaneous  inocula- 
tion with  50  mg.  of  a  human  virus  of  relatively  low 


virulence  for  the  bovine  or  rabbit.  The  same  result 
was  obtained  with  Pony  6,  inoculated  subcutaneously 
with  50  mg.  of  a  bovine  virus. 

iforse  2 Z,  inoculated  intravenously  with  10  mg.  of 
H  85.  H.B.,  died  in  51  days,  with  general  dissemina- 
tion and  abundant  multiplication  of  bacilli  but  little 
tissue  destruction. 

Horse  7,  inoculated  intravenously  with  the  same  dose 
of  H  92.  D.N.,  shows  very  high  resistance  to  infection. 

Goats  63  and  65,  inoculated  subcutaneously  with 
10  mg.  of  viruses  of  relatively  low  or  intermediate 
virulence,  show  dissemin;ited  tuberculosis  of  a  chronic 
type. 

Goat  69,  also  inoculated  subcutaneously  with  10  mg. 
of  a  virus  of  relatively  low  virulence,  exhibits  extensive 
chronic  tuberculosis  of  the  mammary  gland. 

Goat  79  was  inoculated  subcutaneously  with  a  virus 
of  relatively  high  virulence.  There  is  evidence  of  dis- 
semination in  the  lungs,  9  days  after  inoculation. 

Goat  SI,  inoculated  intravenously  with  2  mg.  of  a 
virus  of  relatively  low  virulence,  shows  generalised 
dissemination  of  bacilli  without  typical  tubercle 
formation. 
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Histology — Swine  Viruses  in  Bovines. 


C --LESIONS  PRODUCED  BY  MAMMALIAN  TUBERCLE  BACILLI  ISOLATED 

FROM  SWINE. 


I.-LESIONS  IN  CALVES, 
(a)  Viruses  of  High  Virulence. 


Certain  viruses  obtained  from  spontaneously  in- 
fected swine  and  found  to  possess  the  general 
characters  of  mammalian  tubercle  bacilli  were  tested 
upon  calves  by  the  subcutaneous  inoculation  of  50  mg. 
of  culture. 

Tissues  from  the  following  animals,  in  which  fatal 
infection  was  produced  in  less  than  90  days  (with  one 
exception),  have  been  microscopically  examined. 


Calves  fatally  infected  with  50  mg.  of  a  Swine 
Virus. 


"Virus 
Inoculated. 

Number  of  Calf. 

Duration 
of  Experiment 
in  Days. 

P  V. 

336 

29 

P  VI. 

326 

29 

P  IX. 

334 

45 

PXI. 

338* 

37 

P  XII. 

376 

19 

P  XII. 

444 

48 

P  XII. 

450 

41 

P  XIV. 

446 

80 

PXIV. 

448 

104 

P  XIV. 

532 

76 

PXIV. 

534 

87 

P  XIV. 

536 

46 

P  XIV. 

538 

32 

*  Dose — 46  mg. 


All  the  animals  in  this  list  were  either  found  dead 
or  were  killed  when  very  ill.  Calf  448  lived  longer 
than  any  of  the  others,  and  was  killed  104  days  after 
the  commencement  of  the  experiment. 

Specimens  have  been  examined  of  the  lungs,  liver, 
kidneys,  and  lymphatic  glands  of  each  animal.  The 
same  histological  methods  have  been  employed  as  in 
the  investigations  of  lesions  produced  by  bovine  or 
human  bacilli. 

The  lesions  produced  are  typical  of  acute  pro- 
gressive tuberculosis,  and  both  histologically  and  in 
respect  of  the  distribution  and  characters  of  bacilli 
are  identical  with  those  produced  in  calves  fatally 
infected  with  50  mg.  doses  of  bovine  or  human  viruses. 
A  full  description  of  the  histological  details  has  been 
given  in  Volume  IV.  of  the  Appendix  to  the  Second 
Interim  Report. 

It  is  only  necesiary  to  add  here  a  few  special  details 
which  have  been  noted  in  particular  instances. 


P  XII. :  Calf  376. — This  animal  died  in  an  unusually 
short  time,  19  days.  The  lungs  are  typical  of  acute 
infection  and  contain  numerous  bacilli,  but  necrosis  is 
less  advanced  than  in  cases  which  have  run  a  longer 
course.  The  liver  is  also  typical,  containing  innumer- 
able caseous  miliary  tubercles.  No  lesions  have  been 
found  in  the  specimens  of  kidney.  In  a  popliteal 
gland  there  are  many  small  caseous  lesions  which  are 
obviously  progressive  and  contain  numerous  bacilli. 

P  XIV. :  Calf  446.— This  animal  died  in  80  days. 
The  lungs  are  typical  of  acute  tuberculosis.  No 
lesions  or  tubercle  bacilli  have  been  found  in  the 
specimens  of  liver.  The  kidneys  are  typical  of  sup- 
purative nephritis ;  no  tubercle  bacilli  have  been 
found  in  the  specimens.  A  popliteal  gland  contains 
small  caseous  lesions  which  are  not  circumscribed  ;  a 
few  tubercle  bacilli  are  present. 

P  XIV. :   Calf  This  animal  was  killed  after 

surviving  the  infection  for  104  days.  The  lungs 
exhibit  severe,  progressive  infection,  but  with  less 
necrosis  than  is  usual  in  very  acute  cases.  In  the  liver 
there  is  a  small,  circumscribed  tubercle  containinga  few 
bacilli,  but  no  miliary  tubercles  of  the  acute  type  have 
been  noted.  In  the  kidneys  there  are  several  smal 
pitches  of  cellular  infiltration  and  a  few  giant  cells,  but 
the  lesions  have  not  become  caseous  ;  tubercle  bacilli  are 
scanty.  In  an  axillary  gland  no  lesions  or  bacilli  have 
been  found.  Apart  from  the  lungs,  therefore,  there 
is  much  less  evidence  of  actively  progressive  disease 
than  is  usual  with  a  virulent  virus. 

P  XIV.  :  Calf 532.— The  lungs  of  this  animal,  which 
died  76  days  after  inoculation,  are  typical  of  acute 
infection.  No  lesions  or  bacilli  have  been  found  in  the 
specimens  of  liver,  kidney,  and  a  mesenteric  gland. 

P  XIV. :  Calf  534.— This  animal  was  killed  87  days 
after  inoculation.  The  lungs  contain  large  caseous 
lesions  which  are  obviously  progressive  but  contain 
fewer  bacilli  than  are  usual  in  acute  infections  ;  earlier 
lesions  are  also  present,  but  are  less  numerous  and  show 
less  necrotic  change  than  is  usual  in  acute  cases.  In  the 
specimen  of  liver  no  tubercle  bacilli  have  been  found 
and  no  definite  tubercles.  In  the  kidney  there  are 
a  few  patches  of  interstitial  infiltration,  which  from 
their  character  appear  to  be  due  to  infection  by 
tubercle  bacilli,  but  no  bacilli  have  been  found.  In  a 
gluteal  gland  there  are  some  small  areas  of  early 
caseation  containing  giant  cells  ;  bacilli  are  rather 
scanty. 

P  XIV. :  Calf  536. — In  all  the  tissues  of  this  animal, 
inoculated  with  culture  isolated  from  Calf  448,  the 
lesions  are  typical  of  highly  acute  infection  and 
contain  numerous  bacilli. 

P  XIV. :  Calf  538. — In  the  lungs  the  lesions  are 
definitely  acute  in  type  and  contain  numerous  bacilli, 
but  perhaps  they  are  less  advanced  than  is  usual  in 
acute  infections.  In  the  liver  miliary,  caseous  tubercles 
are  present  and  contain  many  bacilli  but  are  not  very 
numerous.  In  the  kidneys  there  are  numerous  caseat- 
ing  lesions  with  moderately  large  numbers  of  bacilli  ; 
one  of  the  lesions  appears  to  have  commenced  within 
a  glomerulus.  In  a  popliteal  gland  there  are  small 
caseous  foci  containing  numerous  bacilli. 


General  Results. 


With  the  exception  of  some  of  the  animals  in- 
oculated with  the  virus  P  XIV.,  the  lesions  produced 
are  all  typical  of  highly  acute  infection,  and  are 
identical  with  those  found  in  calves  inoculated  with 
similar  doses  of  highly  virulent  human  or  bovine 
bacilli.    In  the  case  of  P  XIV.  the  deviations  from 


this  standard  of  virulence  are  not  verj'  great  ;  all  the 
calves  show  severe,  progressive  disease  of  the  lungs, 
but  in  two  out  of  the  six  the  lesions  in  the  lungs  are 
not  of  the  rapidly  acute  type,  and  the  amount  of 
disease  in  the  other  organs  is  relatively  small. 
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(b)  A  Virus  of  Lower  Virulence. 
VIRUS -P  IV. 

(1.) 

Animal  Inoculated.— Calf  312. 


Calf  312  was  inoculated  siibcufcaneously  with  50  mg. 
of  culture  of  P IV.,  and  was  killed,  when  apparently  in 
good  health,  90  days  afterwards. 


Linigs. 

Three  specimens  of  lung  have  been  examined.  (1) 
In  the  first  there  is  some  slight,  irregular  thickening 
of  the  alveolar  walls  and  there  are  a  few  small  con- 
solidated foci  which  are  chiefly  occupied  with  lympho- 
cyte?. These  foci  are  not  caseous  and  are  not 
histologically  distinctive  of  tuberculosis  ;  two  or  three 
of  them  are  found  in  the  interlobular  connective 
tissue.  In  some  of  these  foci,  including  those  found 
in  the  interstitial  tissue,  one  or  two  tubercle  bacilli 
are  present  ;  no  bacilli  are  found  elsewhere.  (2)  In 
the  second  specimen  the  pleural  surface  is  thickened 
and  vascularised  ;  it  contains  three  small  nodules  in 
which  the  predominant  cells  are  lymphocytes  ;  the 
nodules  are  not  caseous  but  contain  an  occasional 
tubercle  bacillus.  The  lung  parenchyma  contains 
several  small  tubercles  of  the  so-called  "  small  cell  " 
type.  They  are  not  caseous  but  show  increase  of  the 
endothelial  cells  and  are  densely  infiltrated  with  both 
lymphocytes  and  leucocytes.  Each  of  them  contains 
several  bacilli.  Plasma  cells  are  numerous.  Some  of 
the  bronchioles  are  filled  with  leucocytes  and  other 
cells,  and  contain  numerous  tubercle  bacilli.  (3)  The 
third  specimen  is  a  typical  example  of  tubercular 
pneumonia.  It  is  filled  with  irregular,  ramifying, 
caseous  tubercles,  which  have  a  broad  cellular  margin 
containing  many  giant  cells.  Smaller  tubercles,  con- 
taining giant  cells  but  not  caseous,  are  also  present. 
Between  these  areas  small  tracts  of  lung  tissue  which 
is  not  completely  solidified  are  found.  These  are 
compressed,  in  a  catarrhal  condition,  and  show  early 
tubercles  with  giant  cell  formation.  Tubercle  bacilli 
are  very  numerous  ;  they  are  particularly  abundant  in 
the  caseous  areas  ;  in  these  situations  they  are  often 
aggreoated  into  groups  which  are  visible  with  a  low 
power.  They  also  form  groups  in  some  of  the  giant 
cells.  The  lesions  are  evidently  progressing,  and 
bacilli  are  found  in  some  of  the  alveoli  which  have 
not  become  converted  into  tubercles. 


Liver. 

The  liver  contains  a  few  minute  foci  which  are  not 
caseous  but  are  overrun  with  lymphocytes.  There 
are  a  few  giant  cells  in  these  areas.  Bacilli  are  very 
scanty,  but  a  few  have  been  found  in  one  of  the  lesions 

Kidneys  and  Spleen. 

Neither  tubercles  nor  tubercle  bacilli  have  been 
found  in  the  specimens  examined. 

Heart. 

Immediately  beneath  the  endocardium  of  the  right 
ventricle  there  is  a  small  area  of  cellular  infiltration. 
The  infiltrating  cells  are  mainly  lymphocytes,  but 
there  are  also  some  multinuclear  leucocytes  and  there 
is  some  proliferation  of  endothelial  cells.  A  few 
newly  formed  blood  capillaries  are  present,  and  there 
are  some  minute  foci  where  the  cell  outlines  are 
indistinct  and  necrosis  appears  to  be  conmencing,  A 
few  tubercle  bacilli  are  present. 

Suprarenal  Capsule. 

The  suprarenal  capsule  contains  in  the  cortex  many 
caseating  tubercles  which  have  a  broad  cellular  margin 
and  contain  many  giant  cells.  Tubercle  bacilli  are 
present  in  all  the  tubercles,  both  in  the  caseous  areas 
and  in  the  cellular  margins  ;  and  in  somij  of  the 
tubercles  bacilli  are  plentiful. 

Bronchial  Gland. 

The  gland  examined  is  nearly  normal,  but  contains 
one  or  two  minute,  semi-caseous  foci  in  which  a  few 
bacilli  are  present. 

PorLal  Gland. 

In  a  portal  gland  there  is  a  small  tubercle  containing 
a  large  giant  cell  and  a  few  bacilli. 

Popliteal  Gland. 
No  tubercles  or  bacilli  have  been  found. 


Summary. 

Slowly  progressive  tuberculosis  of  the  lungs  ;  disseminated  lesions,  of  a  chronic  type,  in  many  of  the 
other  organs  and  lymphatic  glands. 


(2.) 

Animals  Inoculated.— Calves  314,  356,  358. 


These  animals  received  subcutaneous  inoculations 
-of  cultures  of  P  IV.  Calf  314  received  34  mg.  of  the 
original  strain,  and  was  killed  135  days  afterwards  ; 
Calf  356  received  50  mg.  of  culture  isolated  from 
Calf  312,  and  was  killed  105  days  afterwards  ;  Calf  358 
received  50  mg.  of  the  strain  from  Calf  312,  and  was 
killed  93  days  afterwards. 

Calf  314. — No  tubercles  or  tubercle  bacilli  have 
been  found  in  the  specimens  of  lung,  liver,  kidney, 
popliteal  gland,  mediastinal  gland,  mesenteric  gland, 
and  suprarenal  capsule. 


Calf  356. — No  tubercles  or  bacilli  have  been  found 
in  the  lung  (2  pieces)  or  prescapular  gland.  A  few 
suspicious  foci  have  been  noted  in  the  kidney,  but  no 
bacilli  have  been  found  in  them.  In  the  liver  there 
are  a  few  small  foci,  of  doubtful  nature,  infiltrated 
with  leucocytes ;  no  bacilli  have  been  found  in 
them. 

Calf  358.— mo  lesions  or  bacilli  have  been  found  in 
specimens  of  the  lungs,  liver,  kidneys,  a  mediastinal 
gland,  a  portal  gland,  and  a  popliteal  gland. 


Summary. 


The  absence  of  disease  in  these  animals  is  in  marked  contrast  to  the  condition  of  Calf  312. 
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(3.) 

Animal  Inoculated.— Calf  426. 


Calf  426  received  an  intia-muscular  inoculation  with 
200  mg.  of  culture  of  P  IV.  (through  Calf  358),  and 
died  29  days  afterwards,  apparently  from  diarrhoea. 

Lungs. 

The  alveolar  walls  are  thickened  and  there  is  a 
considerable  degree  of  leucocytosis.  Several  small  foci 
are  present  which  are  commencing  to  caseate.  These 
foci,  which  are  infiltrated  with  leucocytes,  have  no 
definite  boundary  zone  and  exhibit  no  definite  structure. 
No  giant  cells  are  present.  No  fibrin  is  demonstrable. 
Bacilli  are  fairly  numerous  ;  they  are  generally  curved 
and  from  3  to  4*5  jit  in  length. 

Liver. 

Like  the  lungs,  the  tissue  is  infiltrated  with  oxyphil 
leucocytes.  Many  small,  slightly  necrotic  foci  are 
present.    These  have  no  definite  structure  and  no 


definite  boundary  zone,  but  contain  numerous  leuco- 
cytes and  occasionally  a  few  giant  cells.  No  fibrin  is 
demonstrable.    Tubercle  bacilli  are  present  but  scanty. 

Kidneys. 

The  tissue  shows  marked  interstitial  fibroid  change. 
No  tubercles  or  tubercle  bacilli  have  been  found. 

Prescapular  Gland. 

The  gland  shows  extensive  fibro-caseous  degener- 
ation, with  a  marked  tendency  to  fibroid  change. 
Bacilli  are  numerous. 

Spleen. 

Bacilli  are  distributed  throughout  the  tissue  in  small 
groups,  but  have  produced  no  appreciable  tissue 
destruction. 


Summary. 

Numerous  small  disseminated  foci  are  present  in  the  lungs  and  liver,  and  there  is  no  definite  evidence  that 
these  are  in  a  retrogressive  condition. 


General  Results. 


The  effects  produced  by  the  virus  P  IV.  are  irregular. 
Calf  312  shows  slowly  progressive  tuberculosis  of  the 
lungs  and  disseminated  lesions  of  a  chronic  type  in 
many  of  the  other  organs.  In  Calves  314,  356,  and 
358 1  have  found  no  microscopic  evidence  of  dissemina- 
tion. Calf  426  shows  many  small  tubercles,  not 
obviously  in  a  retrogressive  condition,  in  the  lungs 


and  liver ;  but  the  animal  was  in  poor  health  when 
inoculated  and  died  from  intercurrent  disease. 

Two  other  porcine  viruses,  P  XLI.  and  P  XLVI., 
were  found  to  be  of  low  virulence  for  calves,  but  as 
they  failed  to  produce  dissemination  beyond  the 
nearest  glands  no  useful  material  was  available  for 
microscopic  examination. 


II.-LESIONS  IN  RABBITS. 


The  viruses,  possessing  the  characters  of  mamma- 
lian tubercle  bacilli,  which  have  been  isolated  from 
swine  have  been  inoculated  into  rabbits  by  Drs.  A.  S. 
and  F.  Griffith. 

I  have  made  microscopic  examinations  of  tissues 
obtained  from  the  following  animals  :— 


Rabbits  Inocdlated  with  Swine  Viruses. 


Virus 
Inoculated. 

Dose. 

Mode  of 
Inoculation.' 

No.  of 
Rabbit. 

Duration 
of  Experi- 
ments 
in  Days. 

P  IV. 

•1  mg. 

Intravenous 

307 

D  88 

P  IV. 
(direct). 

1  mg. 

Intravenous 

461 

K  00 

P  IV. 

(direct). 

1  mg. 

Intraperitoneal 

462 

K  90 

P  IV. 

(direct). 

10  mg. 

Intraperitoneal 

463 

D  18 

PIV. 
(Calf  312). 

1  mg. 

Intravenous 

555 

D  88 

P  IV. 
(Calf  312). 

50  mg. 

Subcutaneous 

557 

D  149 

P  XIX. 

•1  mg. 

Intravenous 

622 

D  21 

P  XXXIV. 

•1  mg. 

Subcutaneous 

981 

D  146 

D  =  Died.  K  =  Killed. 


Rabbits  Inoculated  with  Swine  Viruses — cont. 


Virus 
Inoculated. 

Dose. 

Mode  of 
Inoculation. 

No.  of 
Rabbit. 

Duration 
of  Experi- 
ments 
in  Days. 

P  XXXVI. 

•1  mg. 

Intravenous 

1094 

D  26 

P  XXXVII. 

•1  mg. 

Intravenous 

1100 

D  21 

P  XL. 

1  mg. 

Intravenous 

1120 

D  17 

P  XL. 

1  mg. 

Intravenous 

,1123 

K  38 

P  XL. 

10  mg. 

Intravenous 

1124 

K  38 

P  XLIII. 

■1  mg. 

Intravenous 

1127 

D  18 

P  XLVL 

]  mg. 

Intraperitoneal 

1047 

K  100 

P  XLVI. 

10  mg. 

Intraperitoneal 

1048 

K  100 

D  =  Died.  K  =  Killed. 


P.  IV. :  Rabhit  307. — In  the  lungs  some  large 
caseous  nodules  are  present  and,  apart  from  these 
areas,  there  is  some  thickening  of  the  alveolar  walls. 
In  the  caseous  foci  bacilli  are  present,  but  are  not  very 
numerous.  A  few  suspicious  foci  are  present  in  the 
liver,  but  no  definite  tubercles  have  been  found,  and 
no  bacilli.  Slightly  caseous  lesions  with  broad  cellular 
margins  are  present  in  the  kidneys.  They  contain  few 
bacilli. 
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P  IV.  {direct)  :  Rahhit  461.— The  lungs  contain 
numerous  caseous  tubercles  many  of  which  are  con- 
fluent ;  they  contain  giant  cells  and  are  poor  in  bacilli ; 
around  many  of  the  foci  there  is  a  peripheral  zone  of 
lymphocytes  and  plasma  cells,  but  some  of  the  foci 
of  commencing  caseation  are  not  marked  off  by  a 
boundary  zone  ;  the  lesions  on  the  whole  appear  to  be 
slowly  progressive.  No  tubercles  or  bacilli  have  been 
found  in  the  liver.  In  the  kidney  there  are  several 
large  caseous  tubercles  which  are  surrounded  by  a 
broad  layer  of  lymphocytes  and  plasma  cells  ;  bacilli 
are  numerous  and  in  some  of  the  caseous  areas  have 
grown  into  large  groups. 

P  IV.  (direct)  :  Rabbit  462. — In  the  lungs  there  are 
many  small  tubercles  which  are  caseous,  contain  giant 
cells  and  numerous  oxyphil  leucocytes,  and  are  sur- 
rounded by  a  zone  of  lymphocytes  and  plasma  cells  ; 
bacilli  are  scanty.  No  tubercles  or  bacilli  have  been 
found  in  the  liver.  Caseous  tubercles  are  present  in 
the  kidneys  and  are  identical  in  characters  with  those 
found  in  the  kidneys  of  Rabbit  461. 

P  IV.  (direct) :  Rabbit  463. — The  lungs  show  a 
general  thickening  of  the  alveolar  walls  and  contain 
several  small  consolidated  foci  which  show  cell  fusions 
but  are  not  caseous  ;  bacilli  are  present  in  the  lesions 
but  scanty.  In  the  liver  there  are  no  large  lesions  but 
some  giant  cells  are  present,  and  these  occasionally  con- 
tain bacilli.  In  the  kidneys  no  tubercles  have  been 
found,  but  a  few  bacilli  occur  in  the  interstitial  tissue. 
In  the  spleen  there  are  several  slightly  caseous  lesions 
containing  bacilli  in  small  numbers. 

P  IV.  (Calf  312)  :  Rabbit  555.— The  lung  is  semi- 
solid and  is  occupied  by  large,  confluent,  caseous  areas 
which  are  obviously  progressive  ;  bacilli  are  abundant  ; 
the  lungs  appear  to  be  more  severely  affected  than 
those  of  Rabbit  4G1.  In  the  liver  there  are  a  few 
minute  tubercles  ;  only  one  bacillus  has  been  found. 
The  kidneys  contain  many  caseous  tubercles,  some 
large  and  some  small  ;  in  the  larger,  bacilli  are  very 
abundant ;  many  of  the  bacilli  are  notably  long  ;  the 
tubercles  appear  to  be  progressive. 

P  IV.  (Calf  312)  :  Rabbit  557.— The  lungs  contain 
many  tubercles,  both  large  and  small,  which  are  of  a 
slowly  progressive  type.  The  larger  tubercles  are 
almost  completely  caseous  ;  at  their  margin  there  is  an 
irregular  zone  of  leucocytes,  lymphocytes,  and  some 
plasma  cells,  but  external  to  this  zone  the  tissue  is 
becoming  consolidated  and  contains  tubercle  bacilli  in 
scanty  numbers.  Within  the  central  portions  of  the 
tubercles  bacilli  are  fairly  numerous.  The  majority 
of  the  bacilli  are  curved  and  are  notably  long.  In  the 
specimen  of  liver  no  lesions  or  bacilli  have  been  found. 
In  the  kidneys  there  are  many  caseous  tubercles  con- 
taining numerous  bacilli  both  centrally  and  at  tbeir 
periphery.  In  the  suprarenal  capsule  there  are  large 
caseous  tubercles  containing  numerous  bacilli. 

P  XIX. :  Rabbit  622.— Hhe  lungs,  liver,  and  spleen 
of  this  animal  are  typical  of  acute,  fatal  infection,  and 
contain  large  numbers  of  bacilli.  No  lesions  or  bacilli 
have  been  found  in  the  kidneys. 

P  XXXIV. :  Rabbit  981.— The  specimen  of  lung  is 
almost  completely  consolidated  ;  there  are  irregular; 
fairly  advanced  areas  of  caseation  ;  tubercle  bacilli  are 
rather  scanty.  In  the  liver  there  are  many  small  foci 
showing  partial  obliteration  of  the  liver  cells,  infiltra- 
tion with  lymphocytes  and  leucocytes,  and  occasionally 
a  tendency  to  giant  cell  formation  ;  bacilli  are  scanty. 
In  the  kidneys  there  are  patches  of  interstitial  cellular 
infiltration  and  a  few  areas  of  slight  caseation  ;  bacilli 
are  fairly  abundant. 


P  XXXVI. :  Rabbit  1094.— The  lungs,  liver,  and  a 
mediastinal  glandshow  highly  acute  infection  typical  of 
intravenous  inoculations  with  virulent  mammalian 
bacilli.  The  kidneys  are  less  severely  infected  but 
show  many  patches  of  infiltration  containing  numerous 
bacilli. 

P  XXXVII. :  Rabbit  /iOO.— The  lungs  and  liver  are 
typical  of  acute  infection  hy  intravenous  inoculation. 
The  kidneys  show  a  diffuse  cellular  infiltration  and  con- 
tain many  large  caseous  areas  ;  bacilli  are  distributed 
throughout  the  tissue  in  moderately  large  numbers. 

P  XL.  :  Rabbit  1120. — The  lungs  are  almost  com- 
pletely solidified  and  are  typical  of  acute  intravenous 
infection  ;  bacilli  are  very  numerous.  The  liver  is 
also  acutely  infected  and  shows  diffuse  early  caseation  ; 
bacilli  are  particularly  numerous.  The  kidnejs 
contain  numerous  early  foci  in  which  bacilli  are 
abundant. 

P  XL. :  Rabbit  1123. — Two  specimens  of  lung  bave 
been  examined  but  no  tubercles  bave  been  found  ; 
the  tissue  appears  histologically  normal,  except  for  a 
few  patches  of  slight  alveolar  thickening  ;  in  one  of 
the  specimens  a  few  isolated  tubercle  bicilli  have  been 
found.  No  lesions  or  bacilli  have  been  found  in  the 
specimens  of  liver  and  kidney.  In  the  specimen  of 
spleen  there  is  one  small  caseous  focus  containing  a 
few  bacilli.  In  a  portal  gland  there  are  one  or  two 
very  small,  slightly  suspicious  foci  ;  only  one  bacillus 
has  been  found. 

P  XL. :  Rabbit  1124. — The  lungs  show  some  areas  of 
collapse ;  there  is  some  thickening  and  infiltration  of 
the  alveolar  walls,  but  no  caseous  foci  have  been 
found  ;  tubercle  bacilli  are  present  but  are  rare.  In 
the  liver  there  is  an  infiltration  with  lymphocytes  and 
leucocytes,  which  form  numerous  small  groups ;  in 
some  of  these  doubtful  foci  giant  cells  occur  ;  tubercle 
bacilli  are  present  in  scanty  numbers.  No  lesions  or 
bacilli  have  been  found  in  the  kidney.  In  a  mesenteric 
gland  there  is  a  caseous  tubercle  surrounded  by 
fibroblasts  and  containing  a  few  bacilli. 

P  XLIII. :  Rabbit  1127.— The  lungs,  liver,  and  a 
mediastinal  gland  are  typical  of  highly  acute  infection 
with  rapid  tissue  destruction  and  enormous  numbers 
of  bacilli.  In  the  kidney  the  lesions  are  much  smaller 
and  obviously  more  recent  ;  bacilli  are  much  less 
numerous. 

P  XLVI.  :  Rabbit  1047.— Tvio  specimens  of  lung 
have  been  examined  ;  both  are  in  a  semi-solid  condition 
with  an  irregular  distribution  of  caseous  areas  typical 
of  tubercular  pneumonia.  Thtre  is  a  tendency  for 
some  of  the  areas  to  be  bounded  by  a  zone  of  lympho- 
cytes, plasma  cells,  and  fibroblasts.  Tubercle  bacilli 
are  numerous  in  many  of  the  caseous  areas,  and  in  a 
few  have  grown  into  conspicuous  colonies.  In 
tubercles  where  they  are  less  numerous,  the  bacilli 
present  are  generally  longer  than  in  situations  where 
they  appear  to  be  rapidly  multiplying.  In  the 
specimen  of  liver  neither  tubercles  nor  bacilli  have 
been  found.  In  the  kidney  there  are  some  patches 
of  interstitial  infiltration  containing  large  numbers  of 
plasma  cells  ;  no  tubercle  bacilli  have  been  found. 

P  XLVI.:  Rabbit  1048.— In  the  lung  there  are 
several  small  tubercles  ;  some  of  these  are  caseous,  but 
others  are  completely  overrun  with  lymphocytes  : 
no  tubercle  bacilli  have  been  found.  lu  the  liver 
there  is  a  caseous  lesion  surrounded  hv  a  broad 
fibrous  zone  ;  no  bacilli  have  been  found  in  it.  Iq 
the  kidney  there  is  a  caseous  tubercle  containing  a 
few  bacilli. 


General  Results. 

Both  in  general  characters  and  in  minute  details  identicil  with  those  caused  by  human  and  bovine 
the  lesions  produced  in  rabbits  by  porcine  bacilli  are  bacilli. 


III.-LESIONS    IN  SWINE. 


(tt)  Feeding  with  Bacilli  of  Relatively  Low 
Virulence  for  the  Bovine. 
P  IV. :  Pig  124.— Tig  124  was  ied  with  1  mg.  of 
culture,  and  was  killed  118  days  afterwards.    In  the 


specimens  of  lungs,  liver,  and  kidneys  no  lesions  or 
bacilli  have  been  found.  A  submaxillary  lymphatic 
gland  contains  necrotic  fibro-caseous  tubercles,  in 
which  bacilli  are  scanty 
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P  IV.  :  Pig  134.— ?ig  134  was  fed  with  1  mg.  of 
culture,  and  was  killed  128  days  afterwards.  No 
tubercles  or  bacilli  have  been  found  in  the  lungs  or 
kidneys.  In  the  specimen  of  liver  there  is  a  patch 
of  scar  tissue  which  has  replaced  a  portion  of  the 
liver  parenchyma.  It  has  not  the  structure  of  a 
tubercle.  No  tubercle  bacilli  have  been  found. 
In  a  submaxillary  lymphatic  gland  there  is  a  small 
caseous  tubercle  surrounded  by  a  broad  zone  of  fibrous 
tissue.    Bacilli  are  scanty. 

(6)  Subcutaneous  Inoculation  with  Bacilli  of 
Relatively  Low  Vikulence  for  the  Bovine. 

P  IV. :  Pig  126.— Pig  126  was  inoculated  subcu- 
taneously  with  1  mg.  of  culture,  and  was  killed  114 
days  afterwards.  In  the  lungs  several  isolated,  caseous 
tubercles  are  present.  They  are  of  the  chronic  type 
and  are  completely  surrounded  by  fibroblasts.  At  the 
periphery  of  the  caseous  material  there  is  a  dense  ring 
of  oxyphil  leucocytes.  Bacilli  are  present  in  small 
numbers  in  some  of  the  tubercles.  There  are  a  few 
small,  suspicious  foci  in  the  liver,  but  no  definite 
tubercles  and  no  tubercle  bacilli  have  been  found.  No 
lesions  or  bacilli  have  been  found  in  the  kidneys.  In 
a  portal  gland  there  is  a  caseous  tubercle  surrounded 
by  a  thick  wall  of  fibrous  tissue.  No  bacilli  have  been 
found. 

P  IV. :  Pig  132. — Pig  1.^2  was  inoculated  subcu- 
taneously  with  1  mg.  of  culture,  and  was  killed  122 
days  afterwards.  No  lesions  or  bacilli  have  been 
found  in  the  lungs,  liver,  or  kidneys.  In  a  portal 
gland  there  are  several  obviously  retrogressive 
tubercles.    No  bacilli  have  been  found. 

P  XLI. :  Pig  266.— Pig  166  was  inoculated  sub- 
cutaneously  with  50  mg.  of  culture,  and  was  killed  102 
days  afterwards.  In  the  lung  there  is  a  consolidated 
patch,  not  typical  of  tuberculosis ;  a  few  isolated 


tubercle  bacilli  have  been  found  in  it.  In  the  speci- 
mens of  liver,  kidney,  spleen,  and  bronchial  gland  no 
lesions  or  bacilli  have  been  found. 

P  XLI. :  Pig  202.— Fig  202  was  inoculated  sub- 
cutaneously  with  50  mg.  of  culture  derived  from  Pig 
166,  and  died  64  days  afterwards.  In  the  lungs  there 
are  large  areas  of  consolidation  which  contain  caseous 
patches  ;  the  cellular  elements  of  the  lesions  show  a 
tendency  to  fibrous  tissue  formation  ;  bacilli  are 
scanty,  but  are  not  restricted  to  the  caseous  areas.  The 
liver  contains  several  small  lesions  which  are  partially 
surrounded  by  fibroblasts  and  contain  giant  cells ; 
bacilli  are  rare.  In  the  specimen  of  kidney  no  lesions 
or  bacilli  have  been  found.  In  the  spleen  there  are 
small  lesions  similar  to  those  found  in  the  liver  ;  one 
bacillus  has  been  found.  In  a  bronchial  gland  there 
are  numerous  giant  cells  and  patches  of  slight 
caseation  ;  bacilli  are  scanty. 

P  XLI. :  Pig  258.— Fig  258  was  inoculated  sub- 
cutaneously  with  50  mg.  of  culture  of  P  XLI,  and 
died  103  days  afterwards.  The  specimen  of  lung  is 
nearly  solid,  and  typical  of  caseous  pneumonia ; 
tubercle  bacilli  are  very  numerous.  The  liver  con- 
tains many  small  caseous  tubercles  with  no  definite 
boundary  zone,  and  also  isolated  giant  cells ;  the 
lesions  contain  bacilli  in  small  numbers.  The  kidneys 
contain  a  few  small  lesions  in  which  bacilli  are 
scanty.  In  the  spleen  bacilli  are  scattered  throughout 
the  tissue  in  fairly  large  numbers  and  have  produced 
areas  of  partial  caseation.  In  a  precrural  gland 
bacilli  are  distributed  rather  scantily,  and  have  led  to 
the  formation  of  giant  cells  and  areas  of  partial 
caseation. 

P  XLVL:  Pig  164.— Fig  164  was  inoculated  sub- 
cutaneously  with  50  mg.  of  culture,  and  was  killed 
97  days  afterwards.  No  lesions  or  bacilli  have  been 
found  in  the  specimens  of  lung,  liver,  kidney,  and 
spleen. 


General  Results. 

The  results  both  with  feeding  and  by  subcutaneous     being  as  a  rule  slight  iu  amount  and  retrogressive  in. 
inoculation  are  similar  to  those  produced  in  the  com-     character.    But  in  two  cases  a  subcutaneous  dose  of 
parable  experiments  made  with  human  viruses   of     50  mg.  has  produced  severe  disease  of  the  lungs, 
relatively  low  virulence  for  the  bovine,  the  disease 


IV.— LESIONS   IN  GUINEA-PIGS. 
(1.) 

VIRUS-P  XLI. 
Animal  Inoculated.— G.P.  2195. 


Guinea-pig  2195  was  inoculated  subcutaneously 
with  1  mg.  of  culture  of  P  XLI,  and  died  58  days 
afterwards. 

Lungs. 

The  lungs  are  semi-solid  and  in  a  condition  of 
early  caseation.  The  lesions  do  not  appear  to  be 
rapidly  progressive  ;  though  not  marked  o&.  by  definite 
boundary  zones  they  contain  large  numbers  of  cells 
resembling  fibroblasts  and  show  relatively  little  tissue 
destruction.  Bacilli  are  scattered  throughout  the 
tissue  but  are  only  moderately  abundant. 


Liver  and  Spleen. 

The  liver  and  spleen  show  a  diffuse  caseous  infiltra- 
tion. Bacilli  are  scattered  throughout  the  organs,  but 
not  in  large  numbers. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Axillary  Gland. 

The  gland  is  extensively  caseous.  Bacilli  are  fairly 
numerous. 


Summary. 

The  liver  and  spleen  are  extensively  caseous.  The  lesions  in  the  lungs  are  widespread,  but  leaa  necrotia^ 
than  in  the  liver  and  spleen.    Bacilli  are  moderately  numerous. 


(2.) 

VIRUS-P  LIV. 
Animal  Inoculated.— G.P.  2571. 


G.P.  2571  was  inoculated  subcutaneously  with  •  I  mg.  Lungs.. 
of  culture  of  P  LIV  (a  porcine  virus  of  high  virulence        The  lungs  contain  many  patches  of  consolidation 
for  the  rabbit),  and  died  54  days  afterwards.  which  are  commencing  to  break  down.   In  moat  of" 
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these  areas  some  of  the  alveolar  walls  are  still  defined, 
the  interior  of  the  alveoli  being  filled  with  a  mass  of 
cells,  chiefly  leucocytes.  Bacilli  are  very  abundant 
in  these  situations  ;  they  also  occur,  though  in 
relatively  scanty  numbers,  in  the  walls  of  patent  alveoli. 
Amongst  all  the  larger  groups  of  bacilli  leucocytes  are 
very  numerous  and  often  contain  bacilli. 

Liver. 

The  tissue  is  largely  replaced  by  ramifying  caseous 
areas  amongst  which  bacilli  are  numerous,  though  less 
abundant  than  in  the  lungs. 


Kidneys. 

There  are  small  patches  of  interstitial  infiltration, 
in  which  bacilli  occur  in  scanty  numbers. 

Spiee7i. 

Most  of  the  tissue  is  replaced  by  caseous  material. 
Bacilli  are  abundant. 

Bronchial  Gland. 

The  gland  examined  is  caseous  almost  throughout, 
and  is  swarming  with  bacilli. 


Summary. 


Acute,  disseminated  infection  in  all  the  organs  except  the  kidneys  ;  abundant  multiplication  of  bacilli. 


(3.) 

VIRUS-P  LIV. 
Animal  Inoculated.— G.P.  2572. 


G.P.  2572  was  inoculated  intraperitoueally  with 
•1  nig.  of  culture  of  P  LIV,  and  died  21  days  after- 
wards. 

Lungs. 

Tubercles  are  not  numerous.  Those  present  are 
small,  and  either  have  not  commenced  to  caseate  or 
are  only  slightly  caseous.    Bacilli  are  scanty. 

Liver. 

The  greater  portion  of  the  tissue  is  replaced  by 


ramifying  caseous  areas.  Bacilli  are  present  in  all 
parts  of  the  tissue,  but  nowhere  form  lai-ge  groups. 

Kidneys. 

Slight  infection,  identical  with  that  found  in 
G.P.  2571. 

Spleen. 

There  are  large  caseous  areas  and  many  patches  of 
early  caseation.  Leucocytes  are  very  abundant  in  the 
lesions.  In  the  older  lesions  bacilli  are  fairly  abundant ; 
they  are  rather  scanty  elsewhere. 


Summary. 


The  liver,  and  to  a  rather  less  degree  the  spleen,  are  very  severely  affected  ;  the  lungs  and  kidneys  only 
islightly.    Bacilli  are  much  less  numerous  than  in  G.P.  2571. 


•  (4.) 


VIRUS-P  LV. 


Animal  Inoculated.— G.P.  2573. 


G.P.  2573  was  inoculated  subcutaneously  with  1  mg. 
of  culture  of  P  LV,  and  died  36  days  afterwards. 


Lungs. 

Small  tubercles  are  distributed  throughout  the 
tissue  and  appear  to  be  extending  along  the  alveolar 
walls.  The  lesions  are  not  definitely  caseous,  but 
many  of  them  are  crowded  with  leucocytes.  Bacilli 
are  numerous  in  all  the  lesions. 


Liver. 

The  liver  is  riddled  with  nesrotic  areas.  Some  of 
these  are  completely  caseous  ;  others  are  filled  with 
masses  of  breaking  down  leucocytes.  Bacilli  are  very 
abundant. 

Kidneys. 

No  lesions  or  bacilli  have  been  found  in  the  specimen 
examined. 

Spleen. 

The  spleen  is  in  the  same  condition  as  the  liver. 


Summary. 


The  lungs,  liver,  and  spleen  are  acutely  infected,  but  the  lungs  less  extensively  than  the  liver  and  spleen. 
No  lesions  or  bacilli  have  been  found  in  the  kidneys. 
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(5.) 

VIRUS-P  LV. 
Animal  Inoculated— G.P.  2574. 


G.P.  2574  was  inoculated  intraperitoneally  with  is  almost  as  extensively  damaged  as  the  liver  of 
•1  mg.  of  culture  of  P  LV,  and  died  19  days  afterwards.     G-.P.  2573,  but  the  bacilli  have  multiplied  less  freely. 


Lungs. 

The  lungs  are  in  the  same  condition  as  those  of 
a.P.  2573. 

Liver. 


Kidneys. 

No  lesions  or  bacilli  have  been  found  in  the  specimen 
examined. 

Bronchial  Gland. 


The  gland  contains  large  areas  of  early  caseation,  itt 
The  liver  shows  diffuse  caseo-necrotic  change  and     which  bacilli  are  numerous. 

SOMMARY. 

Acute  infection  with  particularly  severe  incidence  on  the  liver. 


General  Results. 


The  guinea-pigs  examined  were,  with  one  exception, 
inoculated  with  viruses  possessing  high  virulence  for 
the  rabbit  or  calf.  But  as  regards  histological  features 
and  the  distribution  of  bacilli,  the  lesions  produced  do 
not  differ  from  those  found  in  guinea-pigs  inoculated 
with  human  bacilli  possessing  only  low  virulence  for 
the  rabbit  and  calf.  With  both  classes  of  material 
severe  disease  is  usually  produced  in  most  of  the 
organs  ;  but  the  kidneys,  as  a  rule,  either  show  rela- 


tively little  disease  or  may  escape  entirely  ;  they  do 
not  seem  to  be  more  susceptible  to  the  porcine  than  to 
the  human  viruses. 

But  while  there  is  this  identity  of  histological 
features  at  the  period  when  a  fatal  infection  has  baen 
produced,  the  difference  of  virulence  in  the  infective 
material  is  seen  by  comparing  the  periods  of  survival. 
These  are  much  longer  after  inoculations  with  the  les* 
virulent  material. 


V.-LESIONS   IN   OTHER  ANIMALS. 

(1.) 

VIRUS-P  XLI. 
Animal  Inoculated.— Fowl  128. 

Fowl  128  was  inoculated  intravenously  with  15  mg. 
of  culture   of   P   XLI,   and   was  killed  103  days  Liver  and  Spleen. 

afterwards. 

Lungs  and  Kidneys.  There  are  a  few  minute  suspicious  foci,  but  no 

No  evidence  of  infection  has  been  found.  bacilli  have  been  found  in  them. 

Summary. 

The  animal  seems  to  have  completely  resisted  infection. 


(2.) 

VIRUS-P  XLI. 
Animal  Inoculated.— Fowl  186. 


Fowl  186  was  inoculated  intraperitoneally  with 
100  mg.  of  culture  of  P  XLI,  and  was  killed  68  days 
afterwards. 

Limf/>^. 

There  are  a  few  small  foci  consisting  mainly  of 
fibroblasts  and  lymphocytes,  which  may  have  been 
produced  by  tubercle  bacilli,  but  no  bacilli  are 
demonstrable. 

Liver. 

There  are  many  small  foci  i;onsisting  of  aggregations 
of  lymphocytes,  together  wioh  a  smaller  i  umber  of 


leucocytes,  but  no  tubercle  bacilli  have  been  found  ia 
any  of  them. 

Kidneys  and  Spleen. 
No  lesions  or  bacilli  have  been  found. 

Cervical  Gland. 

In  the  centre  of  one  of  the  glands  found  in  the 
neck  there  is  a  caseous  mass  which  contains  numerous 
tubercle  bacilli  identical  in  appearance  with  serum, 
grown  bacilli.  There  are  also  cell  fusions  bearing 
some  resemblance  to  giant  cells. 


Summary. 

Neither  tubercle  bacilli  nor  tubercles  have  been  found  in  the  lungs,  liver,  kidneys,  or  spleen. 
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(3.) 
VIRUS-P  V. 
Animal  Inoculated— Rat  76. 


Rat  76  was  inoculated  intraperitoneally  with  25  mg. 
of  culture  of  P  V,  and  died  23  days  afterwards. 

Lungs. 

Groups  of  bacilli  are  present  in  all  parts  of  the 
lung,  but  have  not  led  to  the  formation  of  tubercles. 
Bacilli  are  present  in  the  blood-vessels.  Both  in 
the  blood-vessels  and  amongst  the  tissue  cells  bacilli 
are  found  within  or  surrounded  by  muUinuclear 
leucocytes. 

Livtr. 

Bacilli  have  grown  into  small  colonies  in  all  parts  of 


the  liver,  but  have  caused  very  little  tissue  destruction. 
Giant  cells  are  present.  The  bacilli  are  frequently 
intracellular. 

Kidneys. 

Bacilli  are  distributed  all  over  the  tissue,  and  in 
some  places  have  grown  into  colonies.  They  have 
caused  no  tissue  destruction. 

Sxileen. 

Bacilli  are  abundant  in  all  parts  of  the  tissue. 
V^^'ith  the  excepLion  of  a  few  giant  cells,  no  lesions 
suggestive  of  tuberculosis  are  present. 


Summary. 

Bacilli  are  distributed  all  over  the  body  and  have  multiplied  abundantly,  but  have  not  produced  lenions 
suggestive  of  tuberculosis. 
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D.-LESIONS  PRODUCED  BY  EQUINE  TUBERCLE  BACILLI. 

I.-LESIONS   IN  HORSES. 

VIRUS-E  I. 
Animal  Inoculated.— Pony  16. 


Pony  16  was  inoculated  intravenously  with  10  mg. 
of  culture  of  E  I,  and  died  17  days  afterwards. 

Lungs. 

The  alveolar  walls  are  thickened,  and  there  are 
many  small  patches  of  consolidation.  Some  of  these 
patches  contain  giant  cells,  and  there  is  frequently  a 
central  focus  where  the  tissue  is  commencing  to  break 
down.  Leucocytes  are  abundant  in  the  lesions. 
Bacilli  occur  in  all  parts  of  the  tissue,  and  are  plentiful 
in  the  lesions. 

Liver. 

There  are  no  definite  tubercles,  but  there  are  many 
minute  foci   showing  slight  cellular  disintegration. 


Bacilli  are  fairly  plentiful  in  these  situations  ;  they 
also  occur  occasionally  in  situations  histologically 
normal. 

Kithteys. 

No  lesions  or  bacilli  have  been  found. 

Spleen, 

Bacilli  are  distributed  throughout  the  tissue  in 
small  numbers,  and  have  produced  minute  foci  of 
caseation. 

Popliteal  Gland. 

A  few  bacilli  are  present  within  a  giant  cell.  No 
other  lesions  have  been  found. 


Summary. 

General  dissemination  ;  not  enough  tissue  change  to  account  for  death. 


VIRUS-E  II. 
Animal  Inoculated.— Pony  18. 


Pony  18  was  inoculated  intravenously  with  10  mg. 
of  culture  of  E  11,  and  died  40  days  afterwards. 

Lungs. 

There  are  large  patches  of  consolidation  in  which 
the  alveoli  are  completely  filled  up  with  leucocytes. 
The  lesions  bear  no  resemblance  to  the  tubercular  type 
of  pneumonia.  Tubercle  bacilli  are  present  in  scanty 
numbers. 

Liver. 

Tubercle  bacilli  are  distributed  throughout  the  tissue 
in  fairly  large  numbers.  They  have  caused  slight 
disintegration  of  the  liver  cells,  together  with  an 
infiltration  of  leucocytes  and  lymphocytes,  but  have 
not  led  to  tubercle  formation.  Long,  thick  bacilli 
which  are  not  acid-fast  are  also  present  in  part  of  the 
specimen  but  are  not  in  association  with  the  tubercle 
bacilli. 


Kidneys. 

There  are  several  small  deposits  of  bacilli,  both 
within  glomeruli  and  in  the  interstitial  tissue.  They 
have  caused  very  little  tissue  damage. 

Spleen. 

Bacilli  are  scattered  throughout  the  tissue  in  small 
numbers  and  in  a  few  places  have  caused  slight  caseous 
change. 

Bronchial  Gland. 

Bacilli  are  very  abundant,  but  have  not  caused  the 
formation  of  tubercles.  Where  they  form  very  large 
groups  there  are  masses  of  leucocytes  and  the  remains 
of  these  cells.  But  in  many  parts  of  the  section  the 
bacilli  have  caused  very  little  tissue  change.  There 
are  a  few  giant  cells. 


Summary. 


The  bacilli  are  generally  disseminated,  but  have  produced  only  slight  tissue  change. 


VIRUS-E  II. 
Animal  Inoculated.— Pony  20. 


Pony  20  was  inoculated  subcutaneously  with  60  mg. 
Ol  cultuie  of  E  II,  and  was  killed  130  days  after- 
wards. 

Lwifjs. 

In  the  lungs  there  are  a  few  small  foci  which  are 
overrun  with  lymphocytes  and  a  few  leucocytes  but 


have  not  the  characters  of  definite  tubsrcles. 
bacilli  have  been  found. 


No 


Other  Organs. 

In  the  specimens  of  liver  kidney,  spleen,  and  a 
popliteal  gland  neither  tubercles  nor  bacilli  have  been 
found. 


Summary. 

With  the  exception  of  some  suspicious  foci  in  the  lungs  there  is  no  evidence  of  dissemination.  No 
tubercle  bacilli  have  been  found. 
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VIRUS-E  IV. 
Animal  Inoculated.— Pony  22. 


Pony  22  was  inoculated  subcutaneoiisly  with  50  mg. 
of  culture  of  E  IV,  and  was  killed  125  days  after- 
wards. 

Lungs. 

lu  the  lungs  there  are  irregular  patches  of  consoli- 
dation which  are  infiltrated  with  numerous  lympho- 
cytes, contain  giant  cell-",  and  show  small  patches  of 
commencing  caseation.  Bacilli  are  moderately  plenti- 
ful. 

Liver. 

There  are  many  small  tubercles,  infiltrated  with 
leucocyte?  and  lymphocytes  in  about  equal  propor- 
tions and  containing  bacilli  in  scanty  numbers. 

Kklnens. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

There  are  small,  slightly  caseous  lesions  in  which 
giant  cells  occur.    Bacilli  are  rare. 

Mesenteric  Gland. 
Bacilli  are  disseminated  throughout  the  gland  in 


very  large  numbers.  They  have  not  produced  definite 
areas  of  caseation,  but  have  provoked  a  copious 
infiltration  of  leucocytes,  many  of  which  contain 
bacilli. 

Popldcal  Gland. 

Bacilli  are  disseminated  in  moderate  numbers 
thioughout  the  gland,  and  have  produced  slightly 
caseous  foci  together  with  numerous  giant  cells. 
The  infiltration  of  leucocytes  is  relatively  small, 
compared  with  the  mesenteric  gland. 

Heart  Mui<cle. 

There  are  fairly  large  patches  of  infiltration  with 
leucocytes  and  lymphocytes  which  contain  a  few 
bacilli  but  the  lesions  can  hardly  be  described  as 
definite  tubercles. 

Local  Lesion. 

Bacilli  have  grown  into  small  colonies  in  most  parts 
of  the  specimen.  In  this  respect  the  specimen  is  in 
contrast  with  local  lesions  of  the  chronic  type.  On 
the  other  hand,  there  is  an  absence  of  tbe  progressive 
caseation  and  tissue  destruction  which  characterise 
local  lesions  of  an  acute  type.  The  lesion  presents  an 
abundant  infiltration  of  leucocytes,  lymphocytes,  and 
plasma  cells. 


Summary. 

General  dissemination,  characteristic  of  infection  intermediate  in  severity  between  the  acute  and  the 
chronic. 


•     VIRUS-E  IV. 
Animal  Inoculated.— Pony  24. 


Pony  24  was  inoculated  intravenously  with  10  mg. 
of  culture  of  E  IV,  and  died  98  days  afterwards. 

Lungs. 

The  tissue  shows  thickening  and  infiltration  of  the 
alveolar  walls,  together  with  small  patches  of  con- 
solidation. The  consolidated  areas  contain  giant  cells, 
lymphocytes,  and  leucocytes,  and  show  a  tendency  to 
fibroid  change  ;  within  these  areas  tubercle  bacilli  are 
present  in  small  numbers. 


Liver,  Kidneys,  and  Spleen. 

There  are  small  lesions  of  doubtful  nature,  but  no 
tubercle  bacilli  have  been  found.  Other  bacteria, 
both  bacilli  and  cocci,  are  numerous  throughout  the 
specimens. 

Popliteal  Gland. 

A  few  giant  cellu  are  present,  but  no  tubercle 
bacilli  have  been  found. 


Summary 

A  few  bacilli  are  present  in  the  lungs,  and  have  produced  small,  apparently  retrogressive  lesions.  No 
bacilli  have  been  found  elsewhere. 


General  Results. 


After  intravenous  inoculation  in  doses  of  10  mg., 
the  bacilli  have  produced  only  slight  tissue  changes, 
and  have  not  led  to  the  formation  of  tubercles.  In 
most  of  the  organs  examined  bacilli  are  present,  but 
they  do  not,  as  a  rule,  show  signs  of  multiplication  ; 
in  the  bronchial  gland  of  Pony  18,  however,  bacilli 
are  present  in  enormous  numbers. 


In  Pony  20  a  dose  of  10  mg.  inoculated  subcu- 
taneously,  has  produced  slight,  apparently  retrogres- 
sive infeotion  of  the  lungs. 

In  Pony  22,  however,  the  subcutaneous  inoculation 
of  50  mg.  produced  general  dissemination,  with  lesions 
intermediate  between  the  acute  and  chronic  types. 


II.-LESIONS   IN  CALVES. 
VIRUS— E  I. 
(1.) 

Animal  Inoculated.— Calf  436. 


Calf  436  was  inoculated  subcutaneously  with  50  mg.  Lungs. 

of  culture  of  E  I,  and  died  16  days  afterwards.    The  The   tissue   contams  many  small  foci  which  are 

cause  of  death  was  not  determined.  partially  necrotic  and  have  no  definite  boundary  zone. 
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These  lesions  contain  numerous  oxyphil  leucocytes 
and  a  sprinkling  of  plasma  cells  is  found  at  their 
periphery.  No  giant  cells  are  present  and  there  is  no 
definite  increase  of  the  connective  tissue  elements. 
Bacilli  are  fairly  numerous  in  the  lesions. 


Liver, 

There  are  many  small,  partially  necrotic  foci  similar 


to  those  present  in  the  lungs.  Bacilli  are  rather  less 
numerous  than  in  the  lungs. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Mediastinal  Gland. 

There  are  several  small,  partially  necrotic  foci 
containing  numerous  bacilli. 


Summary. 

An  early  stage  of  acute  disseminated  tuberculosis. 


(2.) 

Animal  Inoculated.— Calf  532. 


Calf  522  was  inoculated  subcutaneously  with  50  mg, 
of  culture  of  E  I,  and  died  36  days  afterwards. 

Lungs. 

There  is  a  patchy,  caseous  pneumonia.  The  lesions 
are  evidently  progressive  and  contain  numerous 
bacilli.  In  some  of  the  lesions  the  bacilli  are  no 
larger  than  serum  grown  bacilli.  There  is  a  deposit 
of  fibrin. 

Liver. 

Miliary  tubercles  are  numerous.  They  are 
extensively  caseous  and  exhibit  no  signs  of  a 
demarcation    boundary.      Bacilli    are  moderately 


numerous. 


Kidneys. 

There  are  several  small,  caseous  tubercles  containing 
numerous  bacilli. 

Popliteal  Gland. 

There  are  many  caseous  tubercles  which  are  crowded 
with  bacilli. 

Suprarenal  Capsule. 

Small  tubercles  are  present  and  are  commencing  to 
caseate.  Bacilli  are  less  numerous  than  in  the  other 
tissues. 


Summary. 
Acute  disseminated  tuberculosis. 


(3.) 

Animal  Inoculated.— Calf  528. 


Calf  528  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  E  I,  and  died  30  days  afterwards. 

Lungs. 

The  tissue  is  packed  with  miliary  tubercles  which 
are  becoming  confluent  and  are  crowded  with  bacilli. 

Liver. 

Caseous  miliary  tubercles  are  distributed  in  large 
numbers  throughout  the  tissue.  Bacilli  are  much 
less  numerous  than  in  the  lungs. 

Kidneys. 

A  few  caseous  uubercles  are  present  and  are  sur- 
rounded with  a  broad  peripheral  zone  amongst  which 


plasma  cells  are  numerous.  Bacilli  are  not  very 
plentiful. 

S2}leen. 

The  spleen  is  riddled  with  ramifying  caseous  foci. 
Bacilli  are  more  numerous  than  in  the  liver  or 
kidneys  but  much  less  abundant  than  in  the  lungs. 

Lymphatic  Glands. 

A  mediastinal  gland  is  extensively  caseous  and 
contains  numerous  bacilli.  In  a  popliteal  gland  the 
lesions  are  of  the  same  type,  but  fewer  in  number. 

Suprarenal  Capside. 
Minute  caseous  foci  are  present.  .  Bacilli  are  rare. 


Summary. 
Acute  disseminated  tuberculosis. 


VIRUS-E  II. 

(1.) 

Animal  Inoculated.— Calf  406. 


Calf  406  was  inoculated  subcutaneously  with  10  mg. 
ol  culture  of  E  II  (from  original  material),  and  was 
killed  91  days  afterwards. 


Lungs. 

Two  specimens  have  been  exaiained. 


Both  contain 


a  few  caseous  tubercles,  the  outer  areas  of  which 
contain  numerous  lymphocytes  and  some  plasma  cells 
and  leucocytes,  hut  show  no  definite  evidence  of 
fibroid  change.  Giant  cells  are  occasionally  present. 
There  are  also  several  patches  which  show  marked 
thickening  and  cellular  infiltration  of  the  alveolar 
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walls.    In   tbe  caseating  tubercles  bacilli  are  very  Mesenteric  Gland. 

numerous  :  they  are  also  present  in  moderately  large        t..      ,     i        ,  •  .  i      ,       ,  •  , 

numbers  in  some  of  the  iafiltrated  areas  which  have  The  gland  contums  caseous  tubercles  which  bave  a 
not  commenced  to  caseate.  J^^'^^'^  peripheral  zone  o    fibrous  tissue  and 

contain  many  giant  cells.    Irregular  areas,  both  large 
Liver.  and  small,  are  also  present  which  have  no  boundary 

In  the  specimen  examined  no  tubercles  or  bacilli  zone,  are  at  the  commencement  of  caseation,  and 
have  been  found.  '^o^^'^"^  ^"«ny  f  ^"^^  '^f  «■  ,  Tubercle  bacilli  are  very 

numerous  and  nave  a  slight  tendency  to  torm  circular 
Kidneys.  groups  with  a  clear  space  in  the  centre. 

No  lesions  or  bacilli  have  been  found. 

Summary. 

Lesions  are  present  in  the  lungs  and  contain  numerous  bacilli  ;  they  are  apparently  progressive  or  at 
least  cannot  be  regarded  as  retrogressive.    Bacilli  are  also  very  numerous  in  the  mesenteric  gland.* 


(2.) 

Animal  Inoculated.— Calf  506. 


Ualf    506    was    inoculated    subcutaneously   with     nor  lesions  definitely  suggestive  of  tuberculosis  have 

50  mg.  of  culture  of  B  II  (from  original  material),     been  found. 

and  was  killed  99  days  afterwards.  n   .  7  ^7  7 

''  •  rortal  Gland. 

Lungs,  Liver,  and  Kidneys.  There  are  many  small,  slightly  caseous  f>jci,  most 

of  which  contain  giant  cells.    Tubercle  bacilli  are 
In  the  specimens  examined  neither  tubercle  bacilli     present  in  several  of  the  lesions  but  are  scanty. 

Summary. 
Only  slight  evidence  of  dissemination. 


(3.) 

Animal  Inoculated.— Calf  578. 


Calf  578  was  inoculated  subcutaneously  with  60  mg.     areas  of  caseation  ;  tbey  are  evidently  retrogressive, 
of  culture  of  E  II  (from  Calf  504),  and  was  killed  90     Bacilli  are  present  but  rare, 
days  afterwards. 

Other  Organs. 

Neither  lesions  nor  bacilli  have  been  found  in  the 
The  lungs  contain  lesions  which  to  a  large  extent     specimens  of  liver,  kidney,  spleen,  and  a  popliteal 
are  filled  up  with  lymphocytes,  but  show  small  central  gland. 

Summary.  - 
Mild,  retrogressive  infection  of  the  lungs. 


(4.) 

Animal  Inoculated.— Calf  580. 


Calf  580  was  inoculated  subcutaneously  with  50  mg.  Kidnegs. 
of  culture  of  B  II  (from  CaK  504),  and  died  29  days 

afterwards.  Several  breaking  down  tubercles  are  present.  Bacilli 

are  abundant. 

Lungs. 

The  lungs  are  semi-solid  and  contain  ramifying  Spleen. 
caseous  areas  which  are  obviously  progressive,  and  are 

not  marked  ofE  into  definite  tubercles.  Bacilli  are  '^''^  tissue  is  largely  replaced  by  ramifying  caseous 
very  abundant.  tracts  which  contain  very  numerous  bacilli. 

Liver. 

'vv,^  i;,.„„       I  ■  ,    .         ,  .  ,  Popliteal  Gland. 

ine  liver  contains  many  caseous  lesions  which  are 

bacinf        ^^"'^^  infection  and   contain  numerous     _  The  gland  contains  several  case  >us  patches  in  which 


bacilli  are  fairly  numerous. 


Summary. 
Typical  of  highly  acute  infection. 


*  the  companion  animal,  Calf  404,  chronic  tubercles  containing  few  bacilli  were  found  in  the  bronchial  glands  ;  but  no 
tubercles  or  baoilh  were  observed  in  the  specimens  of  lung,  liver,  and  kidney. 
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(5.) 


Animal  Inoculated.— Calf  598. 


Calf  592  died  6  days  after  subcutaneous  inoculation  Spleen. 
with  50  mg.  of  culture  of  E  II  (from  Calf  506). 

There  are  no  lesions,  but  a  group  of  four  tubercle 
-^^fiffs.  bacilli  has  been  found. 

The  lungs  are  congested  and  show  a  leucocytic 
infiltration,  but  no  tubercle  bacilli  have  been  found. 

_ .  ,      -  Prescanular  Gland. 

Li  ver  and  Kidneys. 

No  lesions  of  bacilli  have  been  found.  No  lesions  have  been  found,  and  only  three  bacilli. 

Summary. 
Slight  evidence  of  dissemination. 


(6.) 


Animal  Inoculated.— Calf  594. 


Calf  594  died  16  days  after  subcutaneous  inocula- 
tion with  50  mg.  of  culture  of  E  II  (from  Calf  506). 

Lungs. 

One  portion  of  lung  shows  the  non-tubercular  type 
of  pneumonic  consolidation  and  contains  very  few 
tubercle  bacilli.  Another  specimen  shows  numerous, 
typical,  miliary  tubercles.  These  contain  large 
numbers  of  bacilli  and  are  evidently  confluent. 

Live7\ 

Small  caseous  tubercles  are  present.  It  is  doubtful 
whether  they  are  progressive  or  quiescent  in  character. 
They  have  not  a  well-marked  boundary  zone,  but  on 


the  other  hand  they  only  contain  small  numbers  of 
bacilli. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 


Spleen. 

There  are  patches  of  slight  caseation  containing 
moderate  numbers  of  bacilli. 


Bronchial  Gland. 

A  bronchial  gland  contains  many  caseous  patches  in 
which  bacilli  are  abundant. 


Summary. 

General  dissemination.    The  lesions  in  the  lungs  are  acute  in  type. 


(7.) 


Animal  Inoculated.— Calf  596. 


Calf  596  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  E  II  (from  Calf  406),  and  was  killed  90 
days  afterwards. 

Lungs. 

The  lungs  contain  fairly  large  patches  of  consolida- 
tion which  are  semi-caseous  and  appear  to  be  slowly 
progressive.  These  lesions  contain  tubercle  bacilli  in 
moderately  large  numbers. 

Liver. 

There  are  a  few  minute  foci  of  infiltration  with 
leucocytes  and  lymphocytes  ;  an  occasional  bacillus 
has  been  found  in  these  areas. 


Kidneys. 

No  lesion  or  bacilli  have  been  found. 

Spleen. 

Two  or  three  bacilli  have  been  found  ;  no  definite 
tissue  changes  have  been  observed. 

Popliteal  Gland. 

A  few  bacilli  are  present,  but  have  produced  no 
histological  change. 


Summary. 

Slowly  progressive  tuberculosis  of  the  lungs  ;  a  few  bacilli,  but  very  little  evidence  of  disease,  in  other 
organs. 
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(8.) 

Animal  Inoculated.— Calf  626. 


95 


Calf  626  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  E  II  (from  Calf  504),  and  died  54  days 
afterwards. 

Lungs. 

The  tissue  is  permeated  with  large,  irregularly 
defined  caseous  areas  which  are  obviously  progressive. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

The  tissue  is  permeated  with  caseous,  progressive 


Bacilli  are  abundant,  and  the  general  features  of  the     ,  l^-^-^^^'  *"ou  c^tseuus 

oh.r.ox.v\k\o.  of  ncntP  infection.  contammg  fairly  numerous  bacilli. 


tissue  are  characteristic  of  acute  infection. 

Liver. 

There  are  a  few  caseous  lesions,  progressive  in  type 
and  containing  fairly  large  numbers  of  bacilli. 


Popliteal  Gland. 

There  are  a  few  patches  of  early  caseation  contain- 
ing a  few  bacilli. 


Summary. 

Progressive,  disseminated  tuberculosis  with  severe  incidence  on  the  lungs. 


(9.) 


Animal  Inoculated.— Calf  628. 


Calf  628  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  E  II  (from  Calf  506),  and  was  killed  90 
days  afterwards. 

Lungs. 

There  are  partially  confluent  and  apparently  pro 
gressive  patches  of  consolidation.  Some  of  these  are 
slightly  caseous,  but  they  do  not  present  the  rapidly 
progressive  tissue  destruction  found  in  acute  infec- 
tions. The  leucocytic  infiltration  is  very  abundant. 
Bacilli  are  scattered  ia  moderate  numbers  throughout 
the  specimen,  but  have  not  grown  into  groups. 


Liver  and  Kidneys. 
No  lesions  or  bacilli  have  been  found. 

Spleen. 

The  spleen  contains  caseous  tubercles,  more  or  less 
definitely  circumscribed,  and  approximating  to  the 
chronic  type.  BacilH  occur  in  the  lesions  in  rather 
small  numbers. 

Popliteal  Gland. 

There  are  large  caseous  patches  containing  moderate 
numbers  of  bacilli.  No  giant  cells  are  present.  The 
infiltration  of  leucocytes  is  particularly  abundant. 


Summary. 

Moderately  severe  infection  of  lungs,  spleen,  and  a  popliteal  gland. 


(10.) 

Animal  Inoculated.— Calf  638. 


Calf  63y  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  E  II  (from  Calf  596),  and  was  killed  40 
days  afterwards. 

Limgs.  • 

The  specimen  of  lung  is  semi-solid,  and  contains 
large  ramifying  patches  of  caseation.  The  ksions 
are  acute  in  type  and  contain  fairly  numerous  bacilli. 

Liver. 

The  liver  contains  several  small,  caseous  tubercles 
of  a  chronic  type,  and  also  isolated  giant  cells.  Bacilli 
are  rather  scanty. 


Kidneijs. 

There  are  many  caseous  tubercles  and  patches  of 
infiltration  in  which  bacilli  are  present  in  rather  small 
numbers. 

Sjileen. 

There  are  extensive,  ramifying  tracts  of  caseation. 
The  lesions  are  obviously  progressive,  but  bacilli  are 
not  very  numerous. 

Popliteal  Gland. 

The  gland  is  to  a  large  extent  replaced  by  caseous 
material.    Bacilli  are  fairly  plentiful. 


Summary. 

General  dissemination  ;  the  lesions  in  the  lungs  are  typical  cf  acute  infection. 
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VIRUS-E  III. 
(1.) 

Animal  Inoculated— Calf  440. 


Calf  440  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  E  III,  and  died  72  days  afterwards. 

Lungs. 

The  tissue  is  in  a  semi-solid  condition  and  is 
occupied  by  irregular  and  extensive  necrotic  tracts. 
There  is  no  limitation  into  tubercles  and  no  evidence 
of  conservative  change.  No  giant  cells  are  present. 
There  are  masses  of  raultinuclear  leucocytes  and 
their  remains  at  the  margin  of  the  necrotic  areas, 
and  external  to  these  cells  there  is  a  conspicuous 
layer  of  plasma  cells.  There  is  an  abundant  deposit 
of  fibrin.  Tubercle  bacilli  are  distributed  through- 
out the  tissue  in  large  numbers  and  have  grown 
into  large  groups  both  in  the  caseous  areas  and 
in  other  parts  of  the  tissue  where  caseation  has 
not  commenced.  Groups  of  multinuclear  leucocytes 
are  generally  present  in  close  association  with  the 
bacilli.  The  bacilli  are  from  about  1'5  to  3  /*  in 
length,  and  occasionally  rather  longer.  About  half 
the  bacilli  are  somewhat  curved.  The  staining  is 
uniform. 


circumscribed  tubercle  in  an  adyanced  stage  of 
caseation.  This  tubercle  contains  a  moderately  large 
number  of  bacilli.  In  the  second  specimen  there  are 
numerous  lesions.  These  lesions  are  partially  necrotic 
and  often  contain  giant  cells  ;  but  they  have  often 
little  or  no  peripheral  zone,  and  their  outlines  are 
very  irregular ;  it  is  evident  that  they  are  more 
rapidly  progressive  than  the  lesion  found  in  the  first 
specimen.  All  the  lesions  contain  bacilli  in  moderate 
numbers,  and  in  some  of  them  there  is  a  deposit  of 
fibrin. 

Kidneys. 

In  one  specimen  no  lesions  or  bacilli  are  present. 
In  a  second  specimen  there  are  several  tubercles. 
Some  of  these  are  large  and  extensively  caseous. 
Surrounding  the  caseous  material  is  a  mass  of  oxyphil 
leucocytes  and  their  remains,  and  external  to  this 
layer  there  is  a  well-marked  infiltration  of  plasma 
cells  and  small  lymphocytes.  The  smaller  lesions  are 
of  the  same  type,  but  are  only  at  the  commencement 
of  caseation.  Tubercle  bacilli  are  very  abundant, 
particularly  in  the  larger  tubercles. 


Liver. 

Two  specimens  have  been  examined.  In  one  of 
them  the  only  lesion  present  is  a  small,  definitely 


Right  Prepectoral  Gland. 

The  gland  is  extensively  caseous  and  contains 
dense  masses  of  bacilli. 


Summary. 

General  tuberculosis  with  highly  acute  infection  of  the  lungs.  Many  tubercles,  containing  very  large 
numbers  of  bacilli,  are  present  in  the  kidneys. 


(2.) 

Animal  Inoculated.— Calf  503. 


Calf  508  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  E  III,  and  was  killed,  when  moribund, 
73  days  afterwards. 

Lungs. 

The  tissue  is  nearly  completely  consolidated,  is 
extensively  caseous,  and  contains  large  numbers  of 
bacilli.  Its  condition  is  identical  in  every  respect  with 
that  produced  by  the  subcutaneous  inoculation  of  50 
mg.  of  a  virulent  human  or  bovine  virus.  There  is  a 
deposit  of  fibrin. 

Liver. 

There  are  many  minute,  caseating  tubercles,  some 
of  which  contain  giant  cells.    Bacilli  are  very  scanty. 


Kidneys. 

Large  caseating  tubercles  are  present  and  show  a 
well  marked  periphery  of  plasma  cells.  Bacilli  are 
numerous. 

Spleen. 

There  are  many  small  caseous  foci,  in  which  bacilli 
are  fairly  numerous. 

Popliteal  Gland. 

Caseous  tubercles  are  present.  They  have  a  well 
marked  fibrous  zone  and  contain  numerous  giant  cells. 
IBacilli  are  fairly  numerous. 


Summary. 

The  lungs  and  kidneys  are  extensively  affected  and  contain  numerous  bacilli.  The  other  organs  are 
affected  less  severely.  On  the  whole,  the  infection  is  rather  less  severe  than  that  usually  produced  by  50  mg. 
of  a  virulent  human  or  bovine  virus. 


VIRUS— E  IV. 
(1.) 

Animal  Inoculated.— Calf  410. 


Calf  410  was  inoculated  subcutaneously  with  10  mg. 
of  culture  of  E  IV  (from  original  material),  and 
was  killed  88  days  afterwards. 


Lungs. 

No  tubercles  or  tubercle  bacilli  have  been  found. 
There  is  a  definite  leucocytosis,  but  no  consolidation 
of  the  tissue. 
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Liver  and  Kkhuys. 
No  tubercles  or  bacilli  have  been  found. 


BroucJiial  Gland. 

Tbere  is  a  small  fibro-caseous  tubercle  containing  a 
few  bacilli. 


Summary. 

With  the  exception  of  a  small  tubercle,  chronic  in  type,  found  in  a  bronchial  gland,  there  is  no  evidence  of 
dissemination  in  the  specimens  examined. 


(2.) 

Animal  Inoculated.— Calf  498. 


Calf  498  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  E  IV  (from  original  material),  and  died 
89  days  afterwards. 

Lungs. 

The  lungs  are  acutely  infected.  They  contain 
many  extensive  ramifying  tracts  of  caseation,  and  the 
tissue  external  to  the  lesions  is  highly  congested. 
Bacilli  are  abundant  in  all  parts  of  the  tissue  and 
form  numerous  colonies  visible  with  the  low  power. 
The  bacilli  often  form  a  solid  ring,  surrounding  a 
cell  nucleus.  The  colonies  of  bacilli  often  form 
groups  ;  it  seems  as  though  large  numbers  of  bacilli 
must  have  been  carried  to  the  particular  places  from 
which  these  groups  originated.    A  similar  appearance 


is  sometimes  seen  after  intravenous  inoculation.  No 
fibrin  is  demonstrable. 

Ijiter  und  Splem. 
No  lesions  or  bacilli  have  been  found. 

Kidr/ei/s. 

There  is  some  interstitial  nephritis  of  a  non- 
tubercular  character.    No  bacilli  are  present. 

Pophtiiil  Gland. 

A  few  early  caseous  foci  containing  a  few  bacilli  are 
present. 


Summary. 

Acute  infection  of  the  lungs,  with  very  large  numbers  of  bacilli,  suggestive  of  intravenous  inoculation. 
\evj  little  dissemination  elsewhere. 


(3.) 

Animal  Inoculated.— Calf  502. 


Calf  502  was  inoculated  subcutaneously  with  50  rag. 
of  culture  of  E  IV  (from  original  material),  and  was 
killed  90  days  afterwards. 

Two  pieces  of  lung  and  pieces  of  liver,  kidney, 


spleen,  and  a  popliteal  gland  have  been  examined. 
In  none  of  these  have  tubercle  bacilli  been  found  or 
lesions  definitely  suggestive  of  tuberculosis. 


Summary. 

No  evidence  of  tuberculosis  in  the  specimens  examined. 


(4.) 

Animal  Inoculated.— Calf  582. 


Calf  582  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  E  IV  (from  Calf  408),  and  was  killed 
88  days  afterwards. 

Lungs. 

The  tissue  contains  a  few  small  tubercles  which  are 
discrete,  abundantly  infiltrated  with  lymphocytes,  and 
appear  to  be  retrogressive.  A  few  bacilli  are  present 
in  the  lesions. 

Liver. 

The  specimen  shows  a  few  small,  caseous  tubercles 
which  are  surrounded  by  fibrous  elements  and  contain 
giant  cells.    Bacilli  are  rare. 


Kidneys. 

No  lesions  or  bacilli  have 
specimen  examined. 


been  found  in  the 


The  spleen  contains  ciseous  lesions  in  which  bacilli 
are  plentiful.  The  lesions  show  no  definite  boundary 
zone  but  appear  to  be  expanding.  Bacilli  are  found 
at  their  periphery. 

Mediastinal  Gland. 
There  are  a  few  minute  caseous  foci,  but  no  bacilli 
have  been  found. 


Summary. 


Progressive  tubercles  are  present  in  the  spleen  ;  in  the  other  organs  examined  the  lesioiis  are  few  in 
number  and  appear  to  be  quiescent  or  retrogressive. 
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(5.) 

Animal  Inoculated.— Calf  586. 


Calf  586  -was  inoculated  subcutaneously  with  50  mg.    consolidation  which  are  crowded  with  leucocytes  and 
of  culture  of  E  IV  (from  Calf  498),  and  died  36  days     are  not  suggestive  of  tuberculosis, 
afterwards. 


Lungs. 

There  are  a  few  suspicious  foci  showing  giant  cells, 
but  neither  definite  tubercles  nor  tubercle  bacilli  have 
been  found.    There  are  several  patches  of  partial 


Other  Organs. 

In  the  specimens  of  lung,  liver,  kidney,  spleen,  and 
a  mediastinal  gland  neither  tubercles  nor  tubercle 
bacilli  have  been  found. 


Summary. 
No  definite  evidence  of  dissemination. 


(6.) 

Animal  Inoculated.— Calf  602. 


Calf  602  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  E  IV  (from  Calf  502),  and  was  killed  90 
days  afterwards. 

Lungs. 

The  specimen  of  lung  is  semi-solid.  The  centres 
of  the  consolidated  areas  are  caseous,  but  the  peri- 
pheral regions  show  a  tendency  to  conservative 
change,  containing  many  fibroblasts  in  addition  to 
leucocytes  and  lymphocytes.    Bacilli  are  scanty. 

Liver. 

No  lesions  or  bacilli  have  been  found  in  the 
specimen  examined. 


Kidneys. 

There  are  large,  caseous,  and  apparently  slowly 
progressive  tubercles  in  which  bacilli  are  scanty. 

Spleen. 

The  spleen  contains  discrete,  caseous  tubercles,  with 
a  slight  tendency  to  calcification  in  their  centres.  The 
lesions  contain  only  few  bacilli,  are  definitely  of  a 
chronic  type,  and  probably  retrogressive. 


Precrural  Gland. 
No  lesions  or  bacilli  have  been  found. 


Summary. 

Disseminated  tuberculosis  of  a  chi'onic  type,  but  probably  slowly  progressive  in  the  lungs  and  kidneys. 


(7.) 

Animal  Inoculated.— Calf  614. 


Calf  614  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  E  IV  (from  Calf  502),  and  died  33  days 
afterwards. 


Liver  and  Kidneys. 
No  lesions  or  bacilli  have  been  found. 


Lungs. 

.        .  Mediastinal  Gland. 

The  lungs  are  semi-solid,  being  occupied  with  ex- 
tensive, ramifying,  caseous  aieas  in  which  tubercle        The  gland  contains  many  small,  caseous,  and  appar- 
bacilli  are  abundant.    The  infection  is  severe  and     ently  progressive  foci,  in   which  bacilli  are  fairly 
evidently  progressive.  numerous. 

Summary. 

Severe  progressive  infection  of  the  lungs. 


(8.) 

Animal  Inoculated.— Calf  620. 


Calf  620  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  E  IV  (from  original  material),  and  was 
killed  91  days  afterwards. 

Lungs,  Liver,  and  Kidneys. 

Neither  tubercles  nor  tubercle  bacilli  have  been 
found  in  the  specimens  examined. 


S])lec7i. 

There  are  a  few  foci  which  are  slightly  caseous  and 
contain  giant  cells.  In  one -of  these  lesions  a  tubercle 
bacillus  has  been  found. 

Popliteal  Gland. 
No  lesions  or  bacilli  have  been  found. 


Summary. 

With  the  exception  of  the  spleen,  where  there  is  very  slight  disease,  the  specimens  show  no  evidence  of 
dissemination. 
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(9.) 

Animal  Inoculated.— Calf  630. 


Calf  630  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  E  IV  (from  Calf  502),  and  died  31  days 
afterwards. 

Lungs. 

The  specimen  of  lung  is  almost  solid  and  contains 
many  patches  of  breaking  down  tissue.  Tubercle  bacilli 
occur  in  all  parts  of  the  specimen  and  are  numerous  in 
the  breaking  down  areas. 

Liver. 

Caseous,  miliary  tubercles,  acute  in  type  and  contain- 
ing large  numbers  of  bacilli,  are  scattered  abundantly 
throughout  the  tissue. 


Kidneys. 

There  are  several  progressive,  interstitial  lesions 
containing  moderately  large  numbers  of  bacilli. 

Spleen. 

There  are  extensive,  ramifying  caseous  tracts,  in 
which  bacilli  are  very  abundant. 

Popliteal  Gland. 

The  gland  is  extensively  caseous  and  contains  large 
numbers  of  bacilli. 


Summary. 
Acute  disseminated  tuberculosis. 


General  Results. 


The  virus  E  I  produces  in  calves  acute  disseminated 
tuberculosis  which  is  identical  in  histological  characters 
with  that  caused  by  highly  virulent  human,  bovine,  or 
porcine  bacilli. 

The  results  with  E  II  are  irregular,  and  may  be 
summarised  as  follows  : — 

(a)  Cidtures  from  Original  Material. —  Calf  40(5 
received  a  dose  of  10  mg. ;  the  lesions  in  the  lungs, 
though  not  acute  in  type,  contain  numerous  bacilli  and 
cannot  be  regarded  as  retrogressive.  But  in  the 
companion  animal,  Calf  404,  which  received  the  same 
dose,  only  very  slight  evidence  of  disease  was  found. 
And  in  Calf  506,  which  received  a  dose  of  50  mg., 
there  was  only  slight  evidence  of  dissemination. 

(b)  Cultures  from  Calves  inocidatcd  with  Original 
Material. — (1)  50  mg.  of  culture  from  Calf  406  were 
inoculated  into  Calf  596  and  produced  slowly  pro- 
gressive tuberculosis  of  the  lungs,  but  very  little 
evidence  of  disease  in  the  other  organs  examined. 
(2)  Doses  of  50  mg.  of  culture  from  Calf  504  (in 
which  50  mg.  of  culture  from  original  material  pro- 
duced only  slight  disease)  were  inoculated  into  Calves 
578,  580,  and  626.  In  Calf  578  mild,  retrogressive 
infection  was  produced.  In  Calf  580,  which  died  in 
29  days,  the  lesions  were  typical  of  highly  acute  infec- 
tion. Calf  626  died  in  54  days  with  progressive, 
disseminated  tuberculosis,  the  lungs  being  typical  of 
acute  infection.  (3)  Doses  of  50  mg.  of  culture  from 
Calf  506  were  inoculated  into  Calves  592,  594,  and 
628.  In  Calf  592  there  was  only  slight  evidence  of 
dissemination.  Calf  594  died  in  16  days  and  showed 
general  dissemination,  the  lesions  in  the  lungs  being 
acute  in  type.  Calf  628,  killed  90  days  after  inocula- 
tion, exhibited  moderately  severe  infection  of  the 
lungs  and  spleen. 

(c)  A  Culture  obtained  after  two  passages  in  Calves.- — 
A  dose  of  50  mg.  of  culture  from  Calf  596  (inoculated 
from  culture  of  Calf  40G)  was  inoculated  into  Calf  638. 


The  animal  was  killed  40  days  afterwards  and  showed 
general  dissemination,  the  lesions  in  the  lungs  lieing 
typical  of  acute  infection. 

The  two  calves  inoculated  with  E  III  show  typically 
acute  infection  of  the  lungs  and  general  dissemination, 
but  less  severe  disease  of  the  liver  than  is  usual  in 
very  acute  cases.  The  animals  survived  the  inocula- 
tion for  72  and  73  days  respectively,  periods  which  are 
rather  longer  than  the  average. 

The  results  with  E  IV  are  irregular,  and  may  be 
summarised  as  follows  : — 

(a)  Cidtures  from  Original  Material. — In  Calf  410, 
inoculated  with  10  mg.,  there  was  only  very  slight 
evidence  of  dissemination.  In  Calf  502,  inoculated 
with  50  mg.,  no  evidence  of  tuberculosis  was  found  in 
the  specimens  examined.  In  Calf  620,  also  inoculated 
with  50  mg.,  a  few  small  lesions  in  the  spleen  were  the 
only  evidence  of  disease  found.  But  in  Calf  498, 
which  died  89  days  aftei'  the  subcutaneous  inoculation 
of  50  mg.,  there  was  acute  infection  of  the  lungs,  with 
very  large  numbers  of  bacilli,  suggestive  of  inti-a- 
venous  inoculation,  but  very  little  dissemination  else 
where. 

(b)  Cultures  from,  Calves  inoculaAed  with  Original 
Material.— {I)  50  mg.  of  culture  from  Calf  408  pro- 
duced in  Calf  582  disseminated  tubercles  which 
appeared  to  be  progressive  in  the  spleen  Imt  retro- 
gressive in  the  other  tissues  examined.  (2)  50  mg.  of 
culture  from  Calf  498  failed  to  produce  any  evidence 
of  dissemination  in  the  tissues  examined  of  Calf  586. 
(3)  Doses  of  50  mg.  of  culture  from  Calf  502  were 
inoculated  into  Calves  602,  614,  and  630.  In  the  first 
animal  disseminated  tuberculosis  of  a  chronic,  but 
probably  slowly  progressive  type  was  produced.  The 
second  animal  died  in  33  days  with  acute  tuberculosis 
of  the  lungs.  The  third  exhibited  acute  disseminated 
tuberculosis. 


Ill —LESIONS  IN  RABBITS. 
VIRUS— E  I. 
(1.) 

Animal  Inoculated.— Rabbit  934. 


Rabbit  934  was  inoculated  subcutaneously  with 
•  1  mg.  of  culture  of  E  I,  and  died  75  days  afterwards. 

Lungs. 

The  tissue  is  almost  completely  consolidated  and 
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contains  many  irregular  and  obviously  progressive 
areas  of  caseation.  Apart  from  these  areas  the 
tissue  consists  of  a  confused  mass  of  desquamated 
alveolar  epithelium,  leucocytes,  lymphocytes,  plasma 
cells,  and  fibroblasts.  The  last  three  types  of  cells 
are  numerous  and  indicate  a  greater  amount  of  tissue- 
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resistance  than  is  found  in  very  acute  infections. 
Bacilli  are  plentiful  everywhere  and  in  many  places 
have  grown  into  groups. 

Liver. 

Minute  tubercles  are  disseminated  throughout  the 
tissue  in  large  numbers.  They  are  only  slightly 
caseous  and  are  infiltrated  with  lymphocytes  and 
leucocytes  ;  in  some  of  them  giant  cells  are  present. 
Bacilli  are  scanty. 


Kidneys. 

Caseating,  progressive  tubercles  are  present  and 
contain  numerous  bacilli. 


Inguinal  Gland. 

The  glaad  shows  diffuse  caseation  and  contains 
numerous  bacilli. 


Summary, 

Progressive  infection  with  particularly  severe  incidence  on  the  lungs. 


(2.) 

Animal  Inoculated.— Rabbit  1309. 


Rabbit  1309  was  inoculated  intravenously  with 
1  mg.  of  culture  of  E  I,  and  died  19  days  afterwards. 

Lungs. 

The  lungs  are  in  an  advanced  stage  of  caseous 
pneu  conia,  with  small  patches  of  air-containing 
tissue  left  between  the  consolidated  areas.  Bacilli 
are  numerous  everywhere,  and  in  the  centres  of  many 
of  the  caseous  patches  have  grown  into  den?e  masses. 

Liver. 

The  tissue  is  riddled  with  ramifying,  caseous 
tubercles  containing  numerous  bacilli.  Many  giant 
cells  are  present. 


Kidneys. 

Small  tubercular  lesions,  interstitial  in  origin  and 
containing  many  bacilli,  are  scattered  throughout  the 
cortex. 

Spleen. 

Bacilli  are  numerous  in  all  parts  of  the  tissue  and 
have  produced  early  caseation. 

Mediastinal  Glatid. 

The  cortical  portion  of  the  gland  is  completely 
caseous  and  is  swarming  with  bacilli. 


SOMMAKY. 

Acute  disseminated  tuberculosis. 


VIRUS -E  II. 
(1.) 

Animal  Inoculated.— Rabbit  1082. 


Rabbit  1082  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  E  II  (from  original  material), 
and  was  killed  102  days  afterwards. 

Lungs. 

There  are  several  consolidated  foci  which  are  of 
considerable  size  and  have  a  broad  but  irregular 
cellular  periphery.  Most  of  these  areas  are  caseous  in 
the  centre.    Tubercle  bacilli  are  scanty. 


Liver,  Spleen,  and  Kidneys. 
No  lesions  or  bacilli  have  been  found. 

Spinal  Cord. 

In  the  specimen  examined  the  greater  part  of  the 
tissue  is  replaced  by  caseous  material  in  which  tubercle 
bacilli  are  abundant. 


Summary. 

Caseous  tubercles  of  a  chronic  type  in  the  lungs ;  advanced  caseation  of  the  spinal  cord.  No  lesions 
found  in  liver,  kidneys,  or  spleen. 


(2.) 

Animal  Inoculated.— Rabbit  1083. 


Rabbit  1083  was  inoculated  subcutaneously  with 
10  mg.  of  culture  of  E  II  (from  original  material), 
and  was  killed  102  days  afterwards. 

Lungs. 

There  is  considerable  thickening  of  the  alveolar 
walls  and  some  large,  partially  caseous  tubercles  are 
also  present.  Bacilli  are  very  scanty  and  have  only 
been  found  in  the  caseating  tubercles. 

Liver. 

There  are  a  few  small  patches  of  infiltration  with 


lymphocytes  and  leucocytes  but  no  definitely  recognis- 
able tubercles.    No  bacilli  have  been  found. 

Kidneys. 

There  are  a  few  slightly  caseous  foci,  in  which 
bacilli  are  scantily  distributed. 

Spleen. 

No  lesions  or  bacilli  have  been  found. 


Summary. 

Chronic  tuberculosis  of  the  lungs  with  few  bacilli  ;  slight  lesions  in  the  kidneys  ;  no  definite  lesions  in 
the  liver. 
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(3.) 

Animal  Inoculated.— Rabbit  1331. 


Rabbit  1331  was  inoculated  intravenously  with 
1  mg.  of  culture  of  E  II  (from  original  material),  and 
died  127  days  afterwards. 

Lungs. 

The  specimen  of  lung  shows  large,  irregularly  dis- 
tributed patches  of  consolidation  which  are  extensively 
caseous.  The  lesions  contain  numerous  bacilli  and  are 
obviously  progressive. 


Liveyr. 

The  specimen  of  liver  contains  a  small  caseous 
tubercle  in  which  no  bacilli  have  been  found. 

There  are  several  tubercles  showing  caseous  centres 
and  a  broad  cellular  periphery.  They  contain  bacilli, 
but  only  in  small  numbers. 


Summary. 

Severe,  progressive  infection  of  the  lungs,  with  large  numbers  of  bacilli ;  slight,  and  apparently  quiescent 
infection  of  liver  and  kidneys. 


VIRUS-E  III. 
Animal  Inoculated.— Rabbit  1232. 


Rabbit  1232  was  inoculated  subcutaneousiy  with 
10  mg.  of  culture  of  E  III,  and  died  69  days 
afterwards. 

Lungs. 

The  greater  portion  of  tiie  tissue  is  partly  or 
completely  solidified,  and  there  are  many  large  patches 
which  are  completely  caseous.  Bacilli  are  distributed 
throughout  the  tissue,  and  in  many  places  have  grown 
into  groups  and  colonies  visible  under  a  low  power. 

Liver. 

There  are  a  few  small  caseous  foci,  in  which  no 
bacilli  have  been  found.  The  largest  of  these  foci 
has  a  broad  fibrous  periphery. 


Kidneys. 

There  are  two  large,  caseatiug  tubercles  which  arc 
bounded  by,  and  partially  infilirated  with,  numerous 
plasma  cells.  Bacilli  are  numerous,  and  form  dense 
masses  in  the  remains  of  some  of  the  tubules.  Giant 
cells  are  present  ;  in  the  case  '^f  some,  the  nuclei  form 
a  heaped  up  mass  in  the  centre  of  the  cell. 

SjAeen. 

The  spleen  contains  many  areas  which  are  filled 
with  nuclear  debris  and  contain  large  numbers  of 
cocci  and  short  bacilli.  No  acid-fast  bacilli  have  been 
found. 


.Summary. 


Advanced,  progressive  tuberculosis  of  the  lungs.  Caseous  tubercles,  containing  numerous  bacilli,  are  also 
present  in  the  kidneys. 


VIRUS-E  IV. 


(1.) 

Animal  Inoculated.— Rabbit  1080. 


Rabbit  1080  was  inoculated  subcutaneousiy  with 
20  mg.  of  culture  of  E  IV  (from  original  material), 
and  was  killed  100  days  afterwards. 

Lungs. 

The  specimen  is  typical  of  caseous  pneumonia. 
Tubercle  bacilli  are  rather  scanty. 

Liver. 

There  are  several  small  tubercles  which  appear  to 
be  retrogressive  in  character.  They  contain  giant 
cells  and  are  infiltrated  with  lymphocytes.  Bacilli 
are  scanty  on  the  whole,  but  some  of  the  giant  cells 
•contain  several. 


Kidneys. 

Tubercles  of  a  chronic  type  are  present.  They 
contain  few  bacilli. 

Spleen. 

Patches  of  slight  caseation  are  present.  The  lesions 
contain  giant  ceils  and  are  not  acute  in  type,  though 
not  definitely  retrogressive.  Tubercle  bacilli  are 
scanty  ;  cocci  and  short  blue-staining  bacilli  are  also 
present. 

S'pinal  Cord. 

C.iseous  areas,  containing  tubercle  bacilli,  are  present. 


Summary. 

Slowly  progressive  tuberculosis,  with  advanced  lesions  in  the  lungs  ;  bacilli  scanty. 
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(2.) 

Animal  Inoculated.— Rabbit  1418. 


Rabbit  1418  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  E  IV  (from  Calf  502),  and  died  78 
days  afterwards. 

Lungs. 

The  lungs  show  large,  irregular,  confluent  patches 
of  advanced  caseation.    Bacilli  are  very  abundant. 

Liver. 

There  are  a  few  minute,  slightly  caseous  foci  in 
which  bacilli  are  scanty. 


Kidneys.  " 

There  are  large,  caseous  tubercles  in  which  bacilli 
are  numerous.  The  tubercles  have  a  fairly  well 
defined  boundary  zone  of  lymphocytes  and  fibroblasts, 
but  bacilli  are  fairly  frequent  in  this  region  and  the 
lesions  appear  to  be  slowly  progressive. 

Spleen, 

Bacilli  are  distributed  in  small  numbers  and  have 
produced  small,  slightly  caseous  foci. 


Summary. 

Advanced  caseation  of  lungs  and  kidneys,  with  numerous  bacilli  ;  slight  infection  of  liver  and  spleen. 


(3.) 

Animal  Inoculated.— Rabbit  1699. 


Rabbit  1699  was  inoculated  intravenously  with  1  mg. 
of  culture  of  E  IV  (from  original  material),  and  died 
32  days  afterwards. 

Lungs. 

The  lungs  are  nearly  solid  and  are  typical  of  tuber- 
cular pneumonia.    Bacilli  are  very  numerous. 

Liver. 

There  are  several  small,  progressive  tubercles  con- 
taining fairly  large  numbers  of  bacilli. 


Kidneys. 

There  are  numerous,  progressive  lesions  containing 
large  numbers  of  bacilli. 

Spleen. 

There  are  many  caseous  lesions  containing  numerous 
bacilli. 

Bronchial  Gland. 

The  gland  contains  caseous  patches  in  which  bacilli 
are  very  numerous. 


Summary. 

Disseminated,  progressive  tuberculosis  ;  bacilli  numerous. 


VIRUS-E  V. 
Animal  Inoculated.— Rabbit  1445. 


Rabbit  1445  was  inoculated  subcutaneously  with  change  than  those  in  the  lungs,  and  contain  bacilli  in 
10  mcr.  of  culture  of  E  V,  and  died  34  days  afterwards.     relatively  small  numbers. 


Lungs. 

The  tissue  is  crowded  with  confluent,  extensively 
caseous  tubercles  containing  numerous  bacilli. 


Liver. 

The  liver  is  permeated  with  ramifying  tubercular 
lesions.    These  show  more  tendency  to  conservative 


Kidneys. 

A  few  bacilli  are  present,  but  no  definite  lesions 
have  been  produced. 

Spleen. 

There  are  ramifying  caseous  patches,  containing 
numerous  bacilli. 


Summary. 
Progressive  tuberculosis. 


General  Results. 


The  lesions  produced  by  the  viruses  E  I,  E  III, 
and  E  V,  were  identical  with  those  caused  by  highly 
virulent  human,  bovine,  and  porcine  viruses.  The 
effects  of  subcutaneous  inoculation  were  much  less 
severe  than  those  produced  by  intravenous  inocu- 
lation. 

E  II  and  E  IV  have  produced  disseminated  disease, 
but  it  was  of  a  more  chronic  character  in  some  cases, 


e.g.,  in  Rabbits  1082,  1083,  and  1080,  inoculated  sub- 
cutaneously with  culture  from  original  material. 
But  in  Rabbit  1418,  1  mg.,  subcutaneously,  of  E  IV 
(through  Calf  502)  produced  severe  disease.  Intra- 
venous inoculations  of  cultures  from  original  material 
of  E  II  and  E  IV  produced  advanced  and  fatal  disease, 
but  the  infection  was  less  acute  in  type  than  that 
caused,  intravenously,  by  E  I. 
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IV.— LESIONS  IN  LEMURS,  MONKEYS,  AND  BABOONS. 
VIRUS-E  II. 
(1.) 

Animal  Inoculated.— Lemur  16. 


Lemur  16  was  inoculated  subcufcaneously  with  Img. 
of  culture  of  E  II  (from  original  material),  and  died 
35  days  afterwards. 

Lungs. 

There  is  considerable  thickening  and  infiltration  of 
the  alveolar  walls,  and  throughout  the  tissue  there  are 
irregular  patches  of  commencing  consolidation  which 
have  no  definite  boundary  zone  and  have  not  advanced 
to  caseation.  Oxyphil  leucocytes  and  plasma  cells  are 
distributed  irregularly  and  are  not  particularly  numer- 
ous. No  fibrin  is  demonstrable.^',;  In  some  of  the 
consolidated  areas  bacilli  are  very  numerous  ;  in  others 
they  are  relatively  scanty.  Amongst  the  walls  of 
patent  alveoli  isolatedjbacilli  are  often  to  be  found. 

Liver. 

There  is  a  general  infiltration  with  tubercle  bacilli. 
In  places  where  the  bacilli  are  numerous  the  tissue  is 
slightly  necrotic  and  is  invaded  with  leucocytes  and 


lymphocytes,  though  not  in  large  numbers  ;  fibrin  is 
present  in  these  situations.  Bacilli  occur  elsewhere  in 
smaller  numbers  and  are  sometimes  present  within 
cells  of  the  liver  parenchyma. 


Kidneys. 

There  is  a  general  infiltration  of  the  tissue  with 
leucocytes,  lymphocytes,  and  plasma  cells,  and  in  some 
situations  the  renal  tubes  are  partially  obliterated  and 
necrosis  is  commencing.  The  plasma  cells  are  par- 
ticularly numerous  throughout  the  interstitial  tissue. 
No  fibrin  is  present.  Bacilli  are  abundant  and  are 
disseminated  everywhere. 


Spleen. 

Bacilli  are  distributed  abundantly  in  all  parts  of 
the  tissue,  and  have  produced  areas  of  partial  necrosis. 
Fibrin  is  present. 


Summary. 
Acute  disseminated  tuberculosis. 


(2.) 

Animal  Fed.— Lemur  18. 


Lemur  18  was  fed  with  1  mg.  of  culture  of  E  II 
(from  original  material),  and  died  76  days  afterwards. 

Lungs. 

There  are  numerous  small  consolidated  patches, 
some'^of  which  are  commencing  to  caseate,  and  in 
many  situations  there  is  an  irregular  thickening  of 
the  alveolar  walls.  No  giant  cells  have  been  noted. 
Oxyphil  leucocytes  are  moderately  abundant  ;  some 
of  them  are  coarsely  granular.  Plasma  cells  are  dis- 
tributed in  all  parts  of  the  infiltrated  and  consolidated 
areas.  No  fibrin  is  demonstrable.  Tubercle  bacilli 
are  present  in  nearly  all  parts  of  the  tissue,  and  are 
abundant  in  some  of  the  breaking  down  areas. 

Liver. 

The  liver  is  permeated  with  numerous  small  areas 


which  are  commencing  to  caseate,  have  no  definite 
demarcation  zone,  and  occasionally  contain  a  deposit 
of  fibrin.  Tubercle  bacilli  are  present  but  rather 
scanty. 

Kidneys. 

There  is  a  general  interstitial  infiltration  which  is 
characterised  by  the  presence  of  a  large  number  of 
plasma  cells.  In  some  situations  the  renal  tubules 
are  partially  broken  down  ;  in  these  places  groups  of 
coarsely  granular  oxyphil  leucocytes  generally  occur. 
Tubercle  bacilli  are  present  but  rare. 

Spleen. 

The  spleen  contains  many  caseous  areas  which  are 
not  circumscribed.  In  a  few  of  these  areas  bacilli  are 
numerous,  but  elsewhere  they  are  scanty. 


Summary. 
Progressive  disseminated  tuberculosis. 


(3.) 

Animal  Inoculated.— Monkey  168. 


Monkey  108  was  inoculated  subcutaneously  with 
10  mg.  ot  culture  of  E  II  (from  original  material),  and 
was  killed,  when  moribund,  51  days  afterwards. 


-jungs. 


The  specimen  of  lung  contains  several  tubercles 


which  are  small  and  commencing  to  caseate,  but  show  no 
signs  of  conservative  change  and  contain  fairly  large 
numbers  of  bacilli.  There  is  some  generalised  thicken- 
ing of  the  alveolar  walls,  but  the  area  occupied  by 
definitely  tubercular  lesions  is  relatively  small. 
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Liver. 

Small  tubercles,  in  an  early  stage  of  caseation  and 
showing  no  signs  of  conservative  change,  are  abun- 
dantly distributed.  Bacilli  are  fairly  numerous  in  the 
lesions. 


Kidneys. 

No  lesions  or  bacilli  have  been  found  in  the  specimen 
examined. 

Spleen. 

There  are  many  caseous  areas  which  contain  bacilli 
in  fairly  large  numbers. 


Summary. 

General  dissemination  in  lungs,  liver,  and  spleen.  The  lesions  are  not  very  advanced,  but  show  no  sign  of 
conservative  change  and  contain  fairly  large  numbers  of  bacilli. 


(4.) 

Animal  Inoculated.— Monkey  180. 


Monkey  180  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  E  II  (from  original  material),  and 
died  101  days  afterwards. 

Lungs. 


Kidneys. 

The  specimen  contains  a  typical  tubercle,  but  no 
bacilli  have  been  found  in  it. 


The  tissue  is  congested,  but  there  are  no  lesions        _   ^  

suggestive  of  tuberculosis,  and  no  bacilli  have  been  bacillf  have  been 'foun^d"iii7bem 
found. 


Spleen. 

Typical  tubercles  of  a  chronic  type  are  present.  No 


Liver. 

No  lesions  or  bacilli  have  been  found. 


Axillary  Gland. 

A  few  small,  suspicious  foci  are  present.  No  bacilli 
have  beeu  found. 


SUMMAKY.  , 

No  tubercle  bacilli  have  been  found,    Tubercles  are  present  in  the  kidneys  and  spleen. 


(5.) 

Animal  Inoculated.— Monkey  184. 


Monkey  184  was  inoculated  subcutaneously  with 
O'l  mg.  of  culture  of  E  II  (from  original  material), 
and  was  killed  98  days  afterwards. 

Lungs. 

The  lungs  are  somewhat  congested  and  coi.tain 
small,  slightly  caseous  foci  in  which  bacilli  are  rare. 

Liver. 

The  liver  contains  many  small  lesions  which  are 
retrogressive  in  character  and  are  abundantly  infil- 
trated with  lymphocytes.    Bacilli  are  rare. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

There  are  many  fairly  extensive  lesions  showing 
advanced  caseation  and  containing  moderately  large 
numbers  of  bacilli. 


Axillary  Gland. 

Small,  caseous  patches  are  present  and  contain  a 
few  bacilli. 


Summary. 
Disseminated  lesions  of  a  mild  type. 


(6.) 

Animal  Fed.— Monkey  186. 


Monkey  186  was  fed  with  1  mg.  of  culture  of  E  II 
(from  original  material),  and  died  139  days  afterwards. 

Lungs. 

No  bacilli  or  lesions  suggestive  of  tuberculosis  have 
been  found. 

Lioe.r. 

There  are  several  small  lesions  which  are  infiltrated 
with  lymphocytes  and  leucocytes.  In  these,  bacilli 
are  occasionally  present  but  are  rare. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

There  are  several  small,  definitely  caseous  patches, 
in  which  no  bacilli  have  been  found. 

Suhmaxillary  Lymphatic  Gland. 

The  gland  is  almost  completely  caseous  and  con- 
tains large  numbers  of  bacilli. 


Summary. 

There  is  only  slight  evidence  of  dissemination. 
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(7.) 


Animal  Fed.— Monkey  202. 


Monkey  202  was  fed  with  60  mg.  of  culture  of  E  II 
(from  original  material),  and  was  killed  101  days 
afterwards. 

Bronchial  Glaiid. 
The  gland  examined  is  extensively  caseous.  Tubercle 
bacilli  are  present,  but  scanty. 


Other  Organs. 

Neither  tuberoles  nor  tubercle  bacilli  have  been 
found  in  the  specimens  of  lung,  liver,  kidney,  and 
spleen. 


So  M  MARY. 

Except  in  a  bronchial  gland,  no  evidence  of  tuberculosis  has  been  found. 


(8.) 

Animal  Fed.— Monkey  208. 


Monkey  208  was  fed  with  50  mg.  of  culture  of 
E  II  (from  original  material),  and  died  115  days 
afterwards. 

Lungs. 

There  are  several  discrete,  caseous  tubercles  with  a 
fairly  definite  periphery  of  lymphocytes  and  fibro- 
blasts. Bacilli  are  moderately  numerous  in  the  lesions. 

Liver. 

There  are  many  minute  tubercles  which  are  appa- 
rently not  of  a  progressive  nature.    Bacilli  are  rare. 


Kirhiegs. 

No  lesions  or  bacilli  have  been  found. 

S2:>leen. 

There  are  several  small  patches  of  early  caseation. 
Bacilli  are  scanty. 

Ijumbar  Gland. 

There  are  caseous  tubercles  with  a  well-marked 
fibrous  periphery.  These  lesions  contain  numerous 
bacilli,  and  bacilli  are  frequently  found  in  the  fibrous 
periphery. 


Summary. 

Disseminated  tuberculosis  of  a  chronic  type.  In  some  of  the  chronic  tubercles  bacilli  are  multiplying 
freely. 


(9.) 

Animal  Fed.— Monkey  212. 


Monkey  212  was  fed  with  50  mg.  of  culture  of 
E  II  (from  Calf  404),  and  died  82  days  afterwards. 

Lungs. 

There  is  a  slight,  patchy  thickening  of  the  alveolar 
walls,  but  no  definite  tubercles  have  been  observed. 
Leucocytes  are  very  numerous  in  the  thickened 
areas.  Bacilli  are  scattered  about  the  specimen  in 
small  numbers. 


Liver. 

There  are  several  suspicious  foci  of  infiltration, 
and  one  or  two  bacilli  have  been  found  in  some  of 
them  ;  but  the  lesions  have  not  the  definite  structure 
of  tubercles. 

Kidneys  and  Spleen. 
No  lesions  or  bacilli  have  been  fouHd. 


Summary. 

Slight,  apparently  non-progressive  infection  of  the  lungs  and  liver. 


(10.) 

Animal  Inoculated.- Monkey  216. 


Monkey  216  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  E  II  (from  original  material),  and 
died  66  days  afterwards. 

Lungs. 

There  are  several  small,  isolated  patches  of  consoli- 
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dation.  A  few  of  these  are  slightly  caseous  but  the 
majority,  whilst  containing  numerous  lymphocytes 
and  leucocytes  and  an  increase  of  fibrous  elements, 
show  no  sign  of  caseation.  Bacilli  are  numerous,  and 
in  the  larger  lesions  have  grown  into  dense  groups  and 
colonies.  Bacilli  are  also  found  throughout  the  tissue 
in  places  where  there  is  no  histological  change. 

14 
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Liver. 

Bacilli  are  disseminated  freely  throughout  the  tissue 
and  in  many  places  are  associated  with  small,  slightly 
caseous  foci. 

Kidneys. 

No  definite  tubercles  have  been  found,  but  bacilli 
occur  in  rather  small  numbers  in  all  parts  of  the  tissue 
and  some  have  been  found  within  glomeruli. 


Spleen. 

The  tissue  is  swarming  with  colonies  of  bacilli  which 
have  produced  practically  no  tissue  destruction. 

Axillary  Gland. 

The  gland  is  swarming  with  bacilli  and  contains 
large  areas  of  early  caseation. 


Summary. 

Dissemination  and  abundant  multiplication  of  bacilli  with  little  tissue  destruction ;  not  unlike  an 
intravenous  inoculation  with  avian  bacilli. 


(11.) 

Animal  Inoculated.— Monkey  220. 


Monkey  220  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  E.  II  (from  Calf  408),  and  was 
killed  96  days  afterwards. 

Lungs. 

The  tissue  contains  many  caseous,  semi-confluent 
areas  which  appear  to  be  slowly  progressive.  Bacilli 
are  scanty. 

Liver. 

The  liver  contains  many  small  discrete  tubercles 
with  retrogressive  characters.    Bacilli  are  scantv. 


Kidneys. 


There  are  a  few  small,  retrogressive  tubercles  Only 
one  bacillus  has  been  found. 

Spleen. 

The  spleen  contains  large  caseous  tubercles  of  a 
chronic  type.    Bacilli  are  rare. 

Bronchicd  Gland. 

There  are  a  few  foci  of  early  caseation  in  which 
bacilli  are  scanty. 


Summary. 

Disseminated  tuberculosis  of  a  mild  type.    Bacilli  scanty. 


VIRUS-E  III. 
Animal  Inoculated.— Lemur  14. 


Lemur  14  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  E  HI,  and  died  28  days  after- 
wards. 

Lungs. 

Interspersed  amongst  normal  or  only  slightly  infil- 
trated alveoli  there  are  many  consolidated  patches 
which  are  filled  with  cellular  debris  and  are  com- 
mencing to  break  down.  These  patches  have  no 
demarcation  zone  and  contain  no  giant  cells ; 
occasionally  a  little  deposit  of  fibrin  is  found  within 
them.  They  are  swarming  with  tubercle  bacilli. 
Bacilli  are  also  present  in  scanty  numbers  in  the  rest 
of  the  tissue. 

Liver. 

The  liver  is  riddled  with  small  tubercles  which  show 


no  boundary  zone  but  contain  a  fibrinous  deposit  and 
are  commencing  to  break  down.  Bacilli  are  abundant. 

Kidneys. 

There  are  many  patches  of  interstitial  infiltration, 
some  of  which  are  commencing  to  break  down.  They 
contain  bacilli  in  moderately  large  numbers.  Plasma 
cells  are  conspicuous  both  in  these  areas  and  in  the 
rest  of  the  tissue.    No  fibrin  is  present. 


Spleen. 

The  spleen  is  swarming  with  bacilli  and  is  in  an 
early  stage  of  diffuse  necrotic  change. 


Summary. 

Acute  disseminated  tuberculosis. 


VIRUS— E  IV. 
(1.) 

Animal  Inoculated.— Baboon  72. 


Baboon  72  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  E  IV  (from  original  material), 
and  died  144  days  afterwards. 

Lt 


There  are  a  few  small,  retrogressive  tubercles 


consisting  of  a  fibrous  stroma  overrun  with  lympho- 
cytes and  leucocytes.  No  tubercle  bacilli  hare  been  found. 

Liver. 

There  are  a  few  retrogressive  tubercles  in  which 
no  bacilli  have  been  found. 
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Kidneys.  extensively  caseous  and  are  surrounded  with  fibro- 

.  .  ^  1  .  cn    X-      xu       •  •      c  blasts.    Giant  cells  occur  at  their  periphery.  No 

There  is  some  interstitial  infiltration,  the  origin  of  tubercle  bacilli  have  been  found, 
which  is  uncertain.    No  tubercle  bacilli  have  been 

found.  Inguinal  Gland. 


There  are  a  few  slightly  caseous  foci  but  no  bacilli 
Many  large  tubercles   are   present.     They  are     have  been  found. 

Summary. 

'There  is  evidence  of  dissemination,  but  all  the  lesions  appear  to  be  retrogressive.  The  spleen  is  the  organ 
most  severely  aifected.    No  tubercle  bacilli  have  been  found. 


(2.) 

Animal  Fed.— Baboon  74. 


Baboon  74  was  fed  with  1  mg.  of  culture  of  E  IV  Kidney  a  and  Spleen. 

(from  original  material),  and  was  killed  448  days 

afterwards.  No  lesions  or  bacilli  have  been  found. 

Lungs. 

No  lesions  or  bacilli  have  been  found. 

Bvonchial  Gland. 

Liver. 

There  is  one  small,  suspicious  focus.  No  bacilli  have  Lesions  of  a  chronic  type  are  present.  Bacilli  are 
been  found  in  it.  rare. 

Summary. 

With  the  exception  of  the  bronchial  gland,  which  contains  a  few  bacilli,  the  tissues  appear  to  have 
completely  resisted  infection. 


(30 

Animal  Inoculated.— Monkey  178. 


Monkey  178  was  inoculated  subcutaneously  with  Leucocytes  are  abundant,  particularly  in  the  larger 
1  mg.  of  culture  of  E  IV  (with  original  material),  and  lesions. 

and  died  89  days  afterwards.  Kidneys 


Lungs. 


No  lesions  or  bacilli  have  been  found. 


The  lungs  contain  irregular,  ramifying  areas  of  '  Snleen 
consolidation,  the   centres   of   which   are  partially 

caseous.    Tubercle  bacilli  are  very  abundant.    Leuco-  The  spleen  contains  large  caseous  patches  iu  which 

cytes  are  numerous  in  the  lesions.  bacilli  are  numerous. 

Liver.  Axillary  Gland. 

The  liver  contains  some  large  caseous  tubercles  in  The  gland  is  extensively  affected,  but  the  amount 
which  bacilli  are  numerous,  and  also  many  small'  of  necrotic  change  is  rather  small  in  proportion  to  the 
slightly  caseous  lesions  in  which  bacilli  are  scanty.     large  number  of  bacilli  present. 

Summary. 

Progressive  tuberculosis  of  an  acute  type. 


(4.) 

Animal  Fed.— Monkey  182. 


Monkey  182  was  fed  with  1  mg.  of  culture  of  E  IV  Liver. 
(from  original  material),  and  was  killed  392  days  ,  ,  r 

afterwards.  Small    tubercles,   apparently    oi    a  retrogressive 

character,  are  present.    Bacilli  are  very  rare. 

Limgs. 

m,     ,.  ,  .  ,    Kidneys. 

ine  tissue  contains  several  small  slightly  caseous 

patches  in  which  a  few  bacilli  have  been  found.  No  lesions  or  bacilli  have  been  found. 
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Spleen.  Bronchial  Gland. 

There  are  a  few  suspicious  foci,  but  no  tubercle  There  are  large  fibro-caseous  areas,  and  ia  all  parts 
bacilli  have  been  found.  of  the  gland  bacilli  are  very  abundant. 

Summary. 

The  bronchial  gland  contains  very  large  numbers  of  bacilli.  In  the  lungs,  liver,  and  spleen  there  is 
slight  evidence  of  dissemination  but  bacilli  are  rare. 


(5.) 

Animal  Inoculated.— Monkey  218. 


Monkey  218  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  E.  IV  (from  original  material),  and 
was  killed  95  days  afterwards. 

Lungs. 

There  are  discrete  and  extensively  caseous  tubercles 
which  are  evidently  of  a  chronic  type.  Bacilli  are 
very  rare. 

Liver. 

There  are  several  small  caseous  tubercles  of  a  chronic 
type.    Bacilli  are  very  rare. 


Kidneys. 

One  small  retrogressive  tubercle  containing  no 
bacilli  has  been  found. 

Spleen. 

There  are  many  large,  discrete,  and  extensively 
caseous  tubercles  in  which  bacilli  are  very  rare. 

Bronchial  Gland. 
No  lesions  or  bacilli  have  been  found. 


Summary 

Disseminated  tuberculosis  of  a  chronic  type.    Bacilli  very  scanty 


General  Results. 


(1)  In  Lemurs. — Feeding  with  1  mg.  of  culture  of 
E  II  (original  material)  produced  severe  disease  in 
Lemur  18  ;  and  the  same  dose  of  the  same  culture, 
subcutaneously  inoculated,  caused  acute  tuberculosis  in 
Lemur  16.  The  same  subcutaneous  dose  of  E  III 
caused  acute  tuberculosis  in  Lemur  14. 

(2)  In  Baboons. — Feeding  with  1  mg.  of  culture  of 
E  IV  (original  material)  produced  onlyslight  disease 
in  Baboon  74  ;  and  the  same  dose  of  the  same  culture, 
subcutaneously  inoculated,  caused  disseminated  tuber- 
cles of  retrogressive  type  in  Baboon  72. 

(3)  In  Monkeys. — Feeding  with  1  mg.  of  culture  of 
E  II  (original  material)  produced  only  slight  disease 
in  Monkey  186  ;  and  a  similar  result  was  obtained 
in  Monkey  182,  fed  with  1  mg.  of  culture  of  E  IV 
(original  material).  In  Monkey  208  feeding  with 
50  mg.  of  culture  E  II  (original  material)  produced 
disseminated  tuberculosis  of  a  chronic  type ;  in 
Monkey  212,  fed  with  the  same  dose  of  culture  of 


E  II  (from  Calf  404),  only  slight  and  apparently  non- 
progressive lesions  were  produced  ;  and  in  Monkey  202, 
fed  with  60  mg.  of  culture  of  E  II  (original  material), 
very  little  evidence  of  tuberculosis  was  found.  Sub- 
cutaneous inoculation  of  "1  mg.  of  E  II  (original 
material)  produced  in  Monkey  184  disseminated 
lesions  of  a  mild  type  ;  1  mg.  of  the  same  culture 
produced  still  milder  infection  in  Monkey  180,  but  in 
Monkey  216  the  same  subcutaneous  dose  of  the  same 
culture  caused  general  dissemination  and  abundant 
multiplication  of  bacilli,  with  relatively  little  tissue 
destruction.  Subcutaneous  inoculation  of  1  mg.  of 
E  II  (from  Calf  408)  caused  disseminated  tuberculosis 
of  a  mild  type  in  Monkey  220.  The  subcutaneous 
inoculation  of  1  mg.  of  E  IV  (original  material) 
caused  progressive  tuberculosis  of  an  acute  type  in 
Monkey  178,  and  disseminated  tuberculosis  of  a 
chronic  type  in  Monkey  218.  The  subcutaneous 
inoculation  of  10  mg.  of  E  II  (original  material) 
caused  progressive,  disseminated  lesions  in  Monkey 
168. 


v.— LESIONS  IN  SWINE. 
VIRUS-E  II. 
(1.) 

Animal  Inoculated.— Pig  184. 


Pig  184  was  inoculated  subcutaneously  with  10  mg. 
of  culture  of  E  II  (from  original  material),  and  was 
killed  268  days  afterwards. 

Lungs. 

The  specimen  of  lung  contains  several  discrete 


tubercles  which  are  surrounded  by  fibrous  tissue  and 
contain  giant  cells.  The  centres  of  the  larger  tubercles 
are  completely  caseous.  In  the  smaller  tubercles 
oxyphil  leucooytes  and  the  remains  of  these  cells  are 
very  plentiful.  Tubercle  bacilli  occur  in  some  of  the' 
lesions  but  are  very  scanty. 
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Liver. 

Large  tubercles  of  the  fibro  caseous  type  and  smaller 
lesions,  also  chronic  in  character,  are  present.  Bacilli 
are  rare. 

Kidneys. 

The  specimen  contains  slightly  caseous  lesions  which 
are  overrun  with  leucocytes  and  are  surrounded  by 
fibroblasts.    No  bacilli  have  been  found. 


Disseminated  tuberculosis. 


Pig  186  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  E  II  (from  original  material),  and  was 
killed,  when  ill,  174  days  afterwards. 

Lungs. 

The  specimen  of  lung  is  completely  solidified,  and 
exhibits  ramifying  caseous  areas  interspersed  with 
plasma  cells  and  fibroblasts.  Many  of  the  afEected 
areas  are  well  vascularised.  Bacilli  are  very  numerous 
all  over  the  specimen  and  are  growing  everywhere 
into  small  groups. 


Popliteal  Gland. 

In  all  parts  of  the  section  caseous  patches  and  giant 
cells  are  found.    Bacilli  are  scanty. 

Spleen. 

There  are  caseous  lesions  containing  giant  cells.  No 
bacilli  have  been  found. 


Liver. 

There  are  small,  caseous  tubercles,  showing  a 
tendency  to  fibroid  change.    Bacilli  are  scanty. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Bronchial  Gland. 

There  are  diffuse  tracts  of  caseation,  containing 
many  giant  cells.  Bacilli  are  moderately  numerous, 
but  much  less  numerous  than  in  the  lungs. 


Summary. 

The  lesions  appear  to  be  quiescent,  and  contain  very  few  bacilli. 


(2.) 

Animal  Inoculated.— Pig  186. 


Summary. 

The  lungs,  though  showing  a  tendency  to  conservative  change,  are  severely  affected  and  contain  very  large 
numbers  of  bacilli.    The  liver  shows  a  much  milder  type  of  infection. 


VIRUS  ~B  III. 
Animal  Inoculated.- -Pig  194. 

Pig  194  was  inoculated  subcutaneously  with  10  mg. 
of  culture  of  E  III,  and  was  killed,  when  ill,  C3  days 
afterwards. 

Lungs. 

The  lungs  show  large  patches  of  consolidation  which 
are  irregularly  distributed  and  are  extensively  caseous. 
Multinuclear  leucocytes  are  abundant.  Giant  cells 
occur  frequently,  and  there  is  also  a  tendency  to 
fibroid  charge.  Bacilli  are  distributed  in  fairly  large 
numbers  all  over  the  specimen. 

Liver. 

There  are  several  small,  caseous  lesions  which  contain 

Summary. 

Severe  infection  of  the  lungs,  but  with  some  attempt  at  conservative  change.  Other  organs  are  affected  less 
severely. 


giant  cells  and  fibroblasts,  but  have  not  a  well  marked 
boundary  zone.    Bacilli  are  scanty. 


Kidneys  and  Spleen. 
No  lesions  or  bacilli  have  been  found. 


Submaxillary  Lymphatic  Gland. 

Large,  irregular,  caseous  areas  are  present,  and  giant 
cells  are  frequent  in  less  advanced  lesions.  Bacilli  are 
rather  scanty. 


VIRUS— E  IV. 
(1.) 

Animal  Inoculated.— Pig  188. 


Pig  188  was  inoculated  subcutaneously  with  10  mg. 
of  culture  of  E  IV  (from  original  material),  and  was 
killed  268  days  afterwards. 

Specimens  of  lungs,  liver,  kidneys,  spleen,  and  a 
precrural  gland  have  been  examined.    The  lesions  are 


identical  in  character  with  those  found  in  Pig  184, 
which  was  inoculated  subcutaneously  with  culture  of 
E  II,  the  dose  and  the  duration  of  the  experiment 
being  the  same.  The  chronic  character  of  the  lesions 
and  the  paucity  of  bacilli  are  typical  features  of  swine 
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uberculosis.  I  have  examined  338  tissues  derived 
from  84  swine  infected  with  mammaHan  tubercle 
bacilli  ;  in  only  21  of  these  tissues  were  bacilli 
numerous  ;  in  only  49  of  the  tissues  were  the  lesions 
progressive  in  histological  characters,  and  in  only  34  of 
the  specimens  did  the  deposits  of  "bacilli  appear  to  be 
recent.  Excluding  63  tissues  from  12  of  the  animals 
where  the  experiments  terminated  in  not  more  than  14 
days,  bacilli  were  numerous  in  only  14  tissues  ;  the 


lesions  showing  evidence  of  progression  in  36  tissues, 
and  evidence  of  recent  deposits  of  bacilli  in  only  14. 
In  the  tissues  of  these  last-mentioned  72  animals, 
definite  tubercles  were  found  in  175  instances,  but  72 
of  these  specimens  contained  no  bacilli.  In  31  tissues 
obtained  from  7  pigs,  killed  within  14  days  after 
feeding,  deposits  of  bacilli  have  only  been  found, 
microscopically,  in  4  organs,  viz.,  one  spleen,  one  sub- 
maxillary lymphatic  gland,  and  two  mesenteric  glands. 


Summary. 

Disseminated  tuberculosis.    The  lesions  appear  to  be  quiescent,  and  contain  very  few  bacilli 


(2.) 

Animal  Inoculated.— Pig-  190. 


Pig  190  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  E  IV  (from  original  material),  and  was 
killed  175  days  afterwards. 

No  tubercle  bacilli  have  been  found  in  any  of  the 
organs  examined.    In  the  specimen  of  kidney  no 


lesions  have  been  found,  but  each  of  the  other  organs 
examined  (lung,  liver,  spleen,  and  a  mesenteric 
gland)  contain  several  small  tubercles  which  are 
centrally  caseous,  show  a  well  marked  fibrous  peri- 
phery, and  are  definitely  retrogressive  in  type. 


Summary. 

Disseminated  tubercles  of  a  retrogressive  type  ;  no  bacilli  have  been  found. 


General  Results. 


E  II,  in  a  subcutaneous  dose  of  10  mg.,  produced 
general  tuberculosis  in  a  pig,  but  the  lesions  appeared  to 
be  quiescent  and  contained  very  few  bacilli.  In  another 
pig,  inoculated  subcutaneously  with  50  mg.,  the  lungs 
were  severely  affected  and  contained  very  large 
numbers  of  bacilli. 

E  III,  in  a  subcutaneous  dose  of  10  mg.,  produced 


about  as  much  disease  as  50  mg.  of  E  II,  but  the 
experiment  was  terminated  at  an  earlier  period  (63 
days  as  compared  with  174  days). 

E  IV,  in  a  subcutaneous  dose  of  10  mg.,  produced 
the  same  result  as  the  same  dose  of  E  II,  and  in 
a  dose  of  50  mg.  has  not  produced  more  severe 
disease. 


VI.-LESIONS  IN  GUINEA-PIGS. 
VmUS-E  II. 
(1.) 

Animal  Inoculated.— G.P.  1977. 


Guinea-pig  1977  was  inoculated  subcutaneously 
with  "1  mg.  of  culture  E  II  (from  original  material), 
and  died  66  days  afterwards. 

Litngs. 

The  lungs  are  only  slightly  affected.  There  are 
small  foci  which  are  nearly  solid,  contain  aggregations 
of  leucocytes  and  lymphocytes  and  swollen  endothelial 
cells,  and  occasionally  show  a  slight  amount  of 
caseation.    In  these  areas  a  few  bacilli  are  present. 

Liver. 

The  liver  is  permeated  with  broad,  ramifying, 
caseous  tracts  in  which  bacilli  are  scanty. 


Kidneys. 

There  are  no  lesions  suggestive  of  tuberculosis,  but 
a  few  bacilli  have  been  found  within  a  glomerulus. 

Spleen. 

There  are  many  small,  irregular  caseous  areas. 
Bacilli  are  distributed  throughout  all  parts  of  the 
tissue,  but  not  in  large  numbers. 

3Iesente7-ic  Gland. 

The  gland  contains  small  foci  which  are  just  com- 
mencing to  caseate.  Bacilli  are  presen  in  small 
numbers. 


Summary. 

Extensive  caseation  of  the  liver  and  fairly  extensive  disease  of  the 
organs  ;  bacilli  scanty. 


leen ;  slight  infection  of  other 
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Ill 


(2.) 

Animal  Inoculated— G.P.  1978. 


Guinea-pig  1978  received  an  intraperitoneal  inocu- 
lation with  -1  mg.  of  culture  of  E  II  (from  original 
material,  and  died  40  days  afterwards. 

Lungs. 

The  tissue  is  semi  solid.  The  consolidated  anias 
have  an  irregular,  patchy  distribution,  are  invaded  by 
leucocytes  and  lymphocytes,  and  show  signs  of  com- 
mencing caseation.  Tubercle  bacilli  are  abundant  ;  in 
proportion  to  their  numbers  they  have  produced  very 
little  tissue  destruction. 

Liver  and  Spleen. 
The  tissues  are  riddled  with  small  tubercles  which 


are  commencing  to  caseate  and  are  infiltrated  with 
numerous  leucocytes.    Bacilli  are  very  numerous. 

Kidneys. 

The  kidneys  are  very  slightly  affected.  A  few 
bacilli  have  been  found  within  glomeruli,  where  they 
have  produced  slight  necrosis  and  are  associated  with 
small  collections  of  multinuclear  leucocytes. 


Bacilli  are 
which  is  at 
caseation. 


Mesenteric  Gland. 

numerous  in  all  parts  of  the  gland, 
the    commencement    of  generalised 


Summary. 

Fairly  advanced  and  obviously  progressive  tuberculosis  in  all  the  tissues  except  the  kidneys,  which  are 
only  slightly  affected.    Bacilli  numerous. 


(3.) 

Animal  Inoculated.— G.P.  2213. 


Guinea-pig  2213  was  inoculated  subcutaneously 
with  O'l  mg.  of  culture  of  E  II  (from  original 
material),  and  died  77  days  afterwards. 

Lungs. 

Two  portions  of  the  lungs  have  been  examined, 
and  in  both  there  are  a  few  small  consolidated  foci, 
generally  not  larger  than  an  alveolus,  which  contain  a 
few  tubercle  bacilli. 


Liver. 

The  greater  portion  of  the  liver  tissue  is  replaced  by 
ramifying,  confluent,  caseous  tubercles.  They  contain 
giant  cells,  have  a  broad  cellular  periphery  in  which, 
in  addition  to  leucocytes  and  lymphocytes,  fibroblasts 
are  generally  abundant.    Tubercle  bacilli  are  scanty. 

Kidneys  and  3lesetileric  Gland. 
No  lesions  or  bacilli  have  been  found. 


Summary. 

Extensive  caseation  of  the  liver  ;  slight  infection  of  the  lungs  ;  bacilli  scanty. 


(4.) 

Animal  Inoculated.— G.P.  2579. 


G.P.  2579  was  inoculated  intraperitoneally  with 
•1  mg.  of  culture  of  E  II  (from  Calf  404),  and  died 
41  days  afterwards. 

L^mgs. 

The  lungs  are  in  a  condition  of  partial  consolidation. 
The  process  appears  to  be  generalised,  rather  than 
patchy,  in  its  distribution.  Cells  fusions  are  found 
here  and  there,  but  there  are  no  definite  tubercles  or 
caseous  areas.  Bacilli  are  very  abundant,  and  in  many 
places  have  grown  into  groups  of  colonies,  though 
associated  with  very  little  tissue  destruction.  A  few 
bacilli  have  been  found  within  blood-vessels. 

Liver. 

BacUli  are  disseminated  very  abundantly  throughout 
the  tissue,  and  have  frequently  grown  into  colonies. 


They  are  associated  with  an  infiltration  of  leucocytes 
and  lymphocytes.  Patches  of  complete  caseation  are 
also  present,  but  in  these  bacilli  are  scanty.  The 
greater  part  of  the  parenchymatous  tissue  is  disinte- 
grated. Bacilli  have  been  found  in  some  of  the 
blood-vessels. 

Kidneys. 

No  tubercles  are  present,  but  there  is  a  general 
infiltration  of  lymphocytes  and  leucocytes,  with  which 
bacilli  are  associated  in  scanty  numbers. 

Sjjleen. 

There  are  numerous  patches  of  early  caseation  and 
cell  fusions.  Bacilli  are  very  abundant  in  all  parts 
of  the  tissue,  including  areas  showing  no  histological 
change. 


Summary. 


General  dissemination  and  abundant  multiplication  of  bacilli,  with  a  relatively  small  amount  of 
degenerative  tissue  change. 
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VIRUS-E  III. 
(1.) 

Animal  Inoculated.— G.P.  2113. 


Guinea-pig  2113  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  E  III,  and  died  78  days  afterwards. 

Lungs. 

The  tissue  is  infiltrated  with  lymphocytes  and 
leucocytes  and  contains  many  irregularly  outlined 
areas  of  consolidation.  The  larger  of  these  are 
centrally  caseous.  Tubercle  bacilli  are  present  in  the 
lesions  but  are  not  very  numerous. 

Liver. 

The  tissue  has  undergone  fibro-caseous  transforma- 
tion and  is  overrun  with  leucocytes  and  lymphocytes. 
Yery  little  normal  liver  parenchyma  is  left.  Tubercle 


bacilli  occur,  but  only  in  small  numbers,  in  many  parts 
of  the  tissue. 

Kidneys. 

Caseous  tubercles,  overrun  with  leucocytes,  are 
present.  Bacilli  are  more  plentiful  than  in  the  liver 
but  are  not  abundant. 

Spleen, 

The  tissue  is  extensively  caseous  and  contains 
tubercle  bacilli  in  scanty  numbers. 

Cervical  Gland. 

There  are  large  caseous  areas  in  which  tubercle 
bacilli  are  moderately  numerous  (a  few  in  every 
microscopic  field). 


Summary. 

Disseminated  tuberculosis,  not  very  acute  in  type.    Bacilli  present  in  all  the  lesions  but  not  abundant. 


(2.) 

Animal  Inoculated.— G-.P.  2115. 


Guinea-pig  2115  was  inoculated  subcutaneously 
with  '1  mg.  of  culture  of  E  III,  and  died  94  days 
afterwards. 

Lungs. 

The  lungs  contain  large,  ramifying  tubercles  which 
are  partially  caseous,  infiltrated  with  leucocytes,  and 
contain,  in  the  non-caseous  areas,  a  considerable  pro- 
portion of  fibroblasts.  Bacilli,  though  present  in  all 
parts  of  the  lesions,  are  not  abundant.  The  disease, 
though  obviously  progressive,  is  not  of  a  very  acute 
type. 

Liver. 

Caseation  is  more  advanced  than  in  the  lungs,  but 
in  the  non-caseous  areas  there  is  again  some  indica- 
tion of  an  effort  at  tissue  resistance  (the  presence  of 


large  numbers  of  swollen  endothelial  cells  and  fibro- 
blasts, infiltration  with  lymphocytes  and  plasma  cells 
as  well  as  leucocytes).    Bacilli  are  rather  scanty. 

Kidneys. 

In  the  specimen  examined  no  lesions  or  bacilli  have 
been  found. 

Spleen. 

Diffuse,  early  caseation  is  present.  Bacilli  occur  in 
all  the  affected  areas  but  are  not  abundant. 

Portal  Gland. 

The  gland  is  in  a  condition  of  diffuse  caseation, 
more  advanced  than  the  spleen.  Bacilli  are  moderately 
numerous. 


Summary. 

Disseminated  tuberculosis,  not  very  acute  in  type  ;  bacilli  rather  scanty. 


(3.) 

Animal  Inoculated.— G.P.  2116. 


Guinea-pig  2116  was  inoculated  intraperitoneally 
with  "1  mg.  of  culture  of  E  III,  and  died  28  days 
afterwards. 

Lungs. 

The  lungs  contain  numerous  miliary  tubercles  which 
are  evidently  extending  by  way  of  the  alveolar  walls. 
In  many  places  the  tubercles  are  becoming  confluent. 
The  lesions  are  in  an  early  stage  of  caseation  and 
contain  numerous  bacilli. 

Liver. 

The  liver  is  extensively  affected.  The  lesions 
ramify  in  all  directions  and  have  no  definite  boundary 
zone.  Many  of  them  are  completely  caseous  ;  others 
still  contain  leucocytes  and  lymphocytes  and  the 


remains  of  these  cells.  'Bacilli  are  found  in  all  the 
lesions  but  are  not  very  numerous. 

Kidneys, 

A  few  bacilli  are  present,  but  have  caused  no  definite 
tissue  change. 

Spleen. 

The  tissue  is  permeated  with  pale  areas  which  have 
not  advanced  to  caseation  but  contain  numerous  giant 
cells.    Bacilli  are  present  in  small  numbers. 

Bronchial  Gland 

The  gland  shows  early  caseation  and  contains 
bacilli  in  rather  scanty  numbers. 


Summary. 

Disseminated,  progressive  tuberculosis.    Except  in  the  lungs,  bacilli 


are  not  very  numerous. 


Histology — Equine  Viruses  in  GtUINea-pigs. 
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VIRUS-E  IV. 
(1.) 

Animal  Inoculated.— G.P.  1979. 


Guinea-pig  1979  wss  inoculated  subcutaneously 
with  -1  mg.  of  culture  of  E  IV  (from  original  material), 
and  died  62  days  afterwards. 

No  tubercles  or  bacilli  have  been  found. 

Liver. 

The  liver  is  in  a  condition  of  diffuse  fibro-caseous 
change.    Tubercle  bacilli  are  rare. 

Sum 

The  scarcity  of  bacilli  and  the  tendency  to  fibroid 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Bronchial  Gland. 

The  gland  is  extensively  caseous  and  shows  a 
tendency  to  fibroid  change.    Bacilli  are  scanty. 

Spleen. 

The  spleen  is  extensively  caseous.  Tubercle  bacilli 
are  remarkably  scanty. 


lange  indicate  a  relatively  mild  type  of  infection. 


(3.) 

Animal  Inoculated.— G.P.  1980. 


Guinea-pig  1980  was  inoculated  intraperitoneally 
with  •!  mg.  of  culture  of  E  IV  (from  original  material), 
and  died  30  days  afterwards. 

Luvijs. 

Bacilli  are  distributed  in  small  numbers  throughout 
the  lungs  but  have  only  produced  a  small  amount  of 
tissue  change.  They  are  often  found  attached  to  or 
within  endothelial  or  epithelial  cells  and  are  associated 
with  groups  of  lymphocytes  and  leucocytes. 

Liver. 

Bacilli  are  present  in  all  parts  of  the  liver  and  are 
rather  more  numerous  than  in  the  lungs.  They  have 
caused  partial  necrosis  of  the  parenchymatous  cells 
and  an  infiltration  with  lymphocytes  and  leucocytes. 


Caseous  degeneration  appears  to  be  just  commencing 
in  many  of  the  lesions. 

Kiditei/s. 

No  lesions  or  bacilli  have  been  found. 

S^jlern. 

Tubercle  bacilli  are  fairly  numerous  and  have  pro- 
dijced  many  areas  of  commencing  caseation  which  are 
infiltrated  with  leucocytes. 

Port'd  Gland. 

The  gland  is  caseous  and  contains  large  numbers  of 
bacilli. 


Summary. 

Bacilli  are  freely  distributed  in  the  lungs  and  liver  but  have  not  produced  an  acute  type  of  infection. 


(3.) 

Animal  Inoculated.— G.P.  2487. 


G.P.  2487  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  E  IV  (from  original  material),  and 
died  144  days  afterwards. 

Limgs. 

The  lungs  are  in  a  semi-solid  condition,  but  only 
show  slight  patches  of  caseous  or  necrotic  change. 
Bacilli  are  scanty. 

Liver. 

The  liver  contains  many  tubercles  which  have  not  a 
well  defined  outline  and  in  the  majority  of  cases  are 
only  slightly  caseous.  They  contain  giant  cells  and 
are  abundantly  infiltrated  with  leucocytes  and  lympho- 
cytes. There  is  also  an  infiltration  of  these  cells 
throughout  the  tissue.    Bacilli  are  scanty. 


Kidnej/^:. 

There  are  several  small  patches  of  cellular  infiltra- 
tion amongst  which  bacilli  are  occasionally  found. 

Spleen. 

Small,  slightly  small  caseous  foci  are  abundant,  and 
contain  bacilli  in  scanty  numbers. 

Portal  Gland. 

The  gland  substance  is  almost  entirely  replaced 
by  fibro-caseous  material,  the  [fibrous  element  pre- 
ponderating over  the  caseous.    Bacilli  are  scanty. 


Summary. 

Disseminated  infection  of  a  very  chronic  type. 

27676 
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General  Results. 


The  tubercle  bacilli  isolated  from  the  horse  reacted 
upon  the  guinea-pig  in  the  same  way  as  the  mammalian 
bacilli  of  human  or  porcine  origin.  All  the  animals 
showed  disseminated  disease,  but  with  less  incidence 
upon  the  kidneys  than  upon  other  organs.  The  three 
animals  inoculated  with  E  IV  are  examples  of  a 


relatively  mild  type  of  infection.  The  animals 
inoculated  with  E  Il'and  E  III  showed  more  extensive 
disease,  particularly  in  the  liver,  but  it  is  noticeable 
that  E  III,  th3  more  virulent  of  the  two  viruses,  has 
not  produced  infections  of  more  severity  than  E  II. 


VII.— LESIONS  IN  FOWLS. 
VIRUS-E  I. 
(1.) 

Animal  Inoculated.— Fowl  234. 


Fowl  234  was  inoculated  intravenously  with  20  mg. 
of  culture  of  E  I,  and  died  37  days  afterwards. 

Lungs. 

Small  groups  of  bacilli,  the  majority  no  larger 
than  serum  grown  bacilli,  occur  in  all  parts  of  the 
tissue.  They  generally  occur  within  cells  which  have 
large,  pale,  oval  or  rounded  nuclei  and  a  large  amount 
of  partially  disintegrated  protoplasm.  These  cells, 
which  are  probably  both  endothelial  and  epithelial, 
form  small  clusters,  and  surrounding  each  cluster 
there  is  often  a  narrow  ring  of  fibroblasts.  Many  of 
the  bacilli  are  fragmentary  and  there  is  no  clear 
evidence  of  multiplication. 

Liver. 

Small  numbers  of  bacilli,  generally  fragmentary, 


are  found  within  all  parts  of  the  tissue.  They 
frequently  occur  within  parenchymatous  cells.  There 
is  no  tubercle  formation  and  no  marked  tissue  de- 
struction, but  in  situations  where  bacilli  occur  the 
cell  protoplasm  is  partially  disintegrated.  The  tissue 
is  infiltrated  with  leucocytes,  but  these  cells  do  not 
show  a  definite  tendency  to  aggregate  round  the 
tubercle  bacilli. 

Kidneys. 

No  histological  changes  have  been  observed.  An 
occasional  bacillus  has  been  found  amongst  the  renal 
tubules. 

Spleen. 

Throughout  the  tissue  there  are  many  minute 
patches  suggestive  of  commencing  caseation.  In 
these  situations  groups  of  bacilli,  more  or  less 
disintegrated,  occur. 


Summary. 

Bacilli  are  generally  disseminated,  bat  show  no  signs  of  multiplication, 
lesions  suggestive  of  an  irritant  action  and  not  typical  of  tuberculosis. 


They  have  produced  minute 


(2.) 

Animal  Inoculated.- Fowl  490. 


Fowl  490  was  inoculated  intravenously  with  10  mg. 
of  dead  culture  of  E  I,  and  was  killed  35  days 
afterwards. 

Lungs. 

There  are  many  slightly  necrotic  foci  which 
generally  exhibit  a  fibroid  periphery  and  occasionally 
contain  giant  cells.  Broken  up  bacilli  are  present  in 
these  lesions. 


Liver. 

A  few  minute  semi-necrotio  points  are  present  in 
the  liver  and  occasionally  contain  one  or  two  bacilli. 

Kidneys. 

Neither  lesions  nor  bacilli  have  been  found. 
Spleen. 

Lesions  similar  to  those  found  in  the  liver  are 
present  but  are  more  numerous. 


Summary. 

The  disseminated  bacilli  have  produced  slight  irritant  effects. 


VIRUS-E  III. 
Animal  Inoculated.— Fowl  154. 


Fowl  154  was  inoculated  intravenously  with  1  mg. 
of  culture  of  E  III,  and  was  killed  115  days  after- 
wards. 

Lungs  and  Kidneys. 
No  lesions  or  bacilli  have  been  found. 


Liver. 

(1)  There  are  very  numerous  minute  foci  which 
have  pale  centres  containing  the  remains  of  paren- 
chymatous cells  and  are  surrounded  by  lymphocytes 
and  leucocytes   and   generally  by  a  thin  zone  of 
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fibroblasts.  Several  tubercle  bacilli  are  generally 
present  in  the  centres  of  these  foci.  (2)  There  is  a 
relatively  small  number  of  much  larger  lesions  which 
are  completely  caseous  in  the  centre  ;  external  to  this 
material  there  is  an  irregular  zone  of  nuclei  which 
stain  imperfectly  and  are  more  or  less  fused  together  ; 
the  periphery  of  these  tubercles  consists  of  a  very 
broad  layer  of  cells  which  are  mainly  lymphocytes, 
though  leucocytes  and  fibroblasts  also  occur  ;  tubercle 
bacilli  are  very  scanty  in  these  lesions.  (3)  There  are 
large  aggregations  of   lymphocytes,   not  generally 


associated  with  bacilli,  both  around  the  blood-vessels 
and  passing  in  between  the  lobules. 


Sx)lee)i. 

Cacilli  are  distributed  both  singly  and  in  small 
groups  throughout  the  tissue.  The  areas  where 
they  occur  stain  faintly  but  are  not  definitely  caseous. 
At  the  periphery  of  these  foci  there  is  an  abundant 
collection  of  lymphocytes  and  leucocytes. 


Summary. 

General  dissemination,  probably  not  progressive,  in  the  liver  and  spleen. 


VIRUS-E  IV. 
(1.) 

Animal  Inoculated.— Fowl  134. 


Fowl  134  was  inoculated  intravenously  with  1  mg. 
of  culture  of  E  IV  (from  original  material),  and  was 
killed  98  days  afterwards. 

Lungs. 

There  are  a  few  small  groups  of  partially  dis- 
integrated bacilli,  which  appear  to  have  produced 
very  little  tissue  reaction. 

Liver. 

Small    groups    of    bacilli    are    scattered  about 


the  tissue  and  are  generally  surrounded  by  lympho- 
cytes and  fibroblast.s.  The  bacilli  are  generally  broken 
up  and  show  no  sign  of  multiplication. 

Kidneys. 

A  few  bacilli  are  present,  but  do  not  appear  to  have 
produced  any  tissue  reaction. 

S2ileen. 

There  are  numerous  small,  badly  staining  areas 
which  contain  fragments  of  bacilli. 


Summary. 

Bacilli  are  present  in  all  the  organs  in  scanty  numbers  ;  they  are  evidently  in  process  of  destruction  and 
have  not  led  to  the  formation  of  tubercles. 


(2.) 

Animal  Inoculated.— Fowl  136. 


Fowl  136  was  inoculated  intravenously  with  20  mg. 
of  culture  of  E  IV  (from  original  material),  and  died 
59  days  afterwards. 

Lumjs. 

The  tissue  contains  numerous  minute,  necrotic  or 
partially  necrotic  foci ;  many  of  these  have  no  cellular 
boundary  zone,  but  some  of  the  larger  are  surrounded 
by  a  definite  layer  of  fibroblasts.  lu  all  these  foci 
tubercle  bacilli  are  present,  and  in  many  of  them  thay 
are  numerous.  They  are  generally  short  (-75  to  2  /<) 
and  straight. 

Liver. 

Throughout  the  tissue  there  are  numerous  little 


groups  of  very  small  bacilli  which  have  caused  partial 
necrosis  in  the  situations  where  they  are  present. 
There  are  generally  some  leucocytes  and  lymphocytes 
in  their  neighbourhood,  but  the  amount  of  tissue 
reaction  is  only  slight. 

Kidneys. 

No  bacilli  and  no  definite  lesions  have  been  found. 
Spleen. 

Bacilli  are  scattered  abundantly  throughout  the 
tissue  and  have  produced  slight  necrosis  in  the  situa- 
tions where  they  occur. 


Summary. 

Bacilli  are  generally  distributed  in  the  lungs,  liver,  and  spleen  but  have  only  produced  slight,  localised 
necrosis. 


General  Results. 


The  bacilli,  inoculated  intravenously,  have  been 
generally  disseminated  by  the  blood -stream  and 
have  produced  slight  irritant  effects  in  the  sites 
where  they  have  been  deposited.  They  showed  no 
signs  of  multiplication  and  have  not  led  to  the 


formation  of  tubercles.  Some  of  the  fowls  inoculated 
with  bovine  bacilli  showed  lesions  which,  though 
retrogressive,  were  more  extensive  and  more  definitely 
resembled  tubercles. 
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E.-LESIONS  PRODUCED  BY  MAMMALIAN  TUBERCLE  BACILLI  ISOLATED 

FROM  A  GNU  AND  AN  ANTELOPE. 


LESION^  IN  RABBITS. 
VIRUS-Z  I. 
(1.) 

Animal  Inoculated.— Rabbit  520. 


Rabbit  520  was  inoculated  intraperitoneally  with 
an  emulsion  of  the  original  material  (portal  gland  of 
a  gnu),  and  died  181  days  aftsrwards. 


Lungs. 

The  tissue  is  consolidated  and  contains  large  caseous 
areas.  The  lesions  are  confluent  and  evidently 
progressive.  In  many  of  the  caseous  areas  the  bacilli 
have  grown  into  large  masses ;  bacilli  are  also 
fairly  numerous  in  the  non  -  caseous  periphery  of 
the  lesions.  The  bacilli  vary  from  about  2  to  6  ,m  in 
length,  the  usual  length  being  about  4  fi ;  the  longer 
forms  occur  within  the  caseous  areas  and  are 
generally  regularly  beaded  ;  the  majority  of  the  bacilli 
outside  caseous  areas  are  uniformly  stained. 


Liver. 


Small  tubercles  occur  abundantly  throughout  the 
tissue.  They  contain  giant  cells  and  show  partial 
fusion  but  not  complete  disintegration  of  the 
parenchymatous  cells  ;  they  have  not  become  definitely 
caseous,  and  in  general,  are  suggestive  of  a  mild  type 
cf  infection.    Bacilli  are  rare. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Axillary  Gland. 

Three  fourths  of  the  area  are  replaced  by  caseous 
material.  Bacilli  are  not  very  numerous  and  have  not 
grown  into  colonies. 


Summary. 

Advanced  disease  of  the  lungs  with  great  maltiplication  of  bacilli ;  a  mild  type  of  disease  elsewhere. 


(2.) 

Animal  Inoculated.— Rabbit  758. 


Rabbit  758  was  inoculated  intravenously  with  "1  mg. 
of  culture  of  Z  I,  and  was  killed  91  days  afterwards. 


Lungs. 

The  condition  of  the  lungs  is  identical  with  that 
of  Rabbit  520.  Bacilli  are  equally  abundant,  and 
many  long  forms  are  found. 


Liver. 

A  few  small  tubercles,  containing  giant  cells,  are 
present,  but  no  bacilli  have  been  found. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Inguinal  Gland. 
There  are  large  caseous  areas  in  which  bacilli  are 
rather  scanty. 


Summary. 

Severe  disease  of  the  lungs,  with  abundant  multiplication  of  bacilli ;  a  mild  type  of  infection  elsewhere 


VIRUS-Z  III.* 
(1.) 

Animal  Inoculated.— Rabbit  1166 


Rabbit  1166  was  inoculated  intravenously  with 
0"1  mg.  of  culture  of  Z  III  (an  antelope),  and  died  7'4 
days  afterwards. 

Lungs. 

The  lungs  are  in  a  condition  of  advanced  caseous 
pneumonia  and  contain  very  large  numbers  of  bacilli. 
The  bacilli  are  rather  longer  than  the  average.  They 
measure  from  2  to  5  jit  and  are  generally  curved  and 
partially  beaded. 

Liver. 

There  are  a  few  small  lesions,  characterised  by 


aggregations  of  lymphocytes  and  the  presence  of 
giant  cells.    Bacilli  are  scanty. 


Kidneys. 

There  are  many  tubercles,  which  are  centrally 
caseous  and  have  a  broad  cellular  periphery.  Bacilli 
are  very  numerous.  In  many  of  the  tubercles  they 
are  long,  as  in  the  lungs,  but  in  one  nodule  there  is  a 
mass  of  bacilli  which  are  nearly  all  short,  hardly 
exceeding  in  length  serum  grown  bacilli. 


Summary. 

Advanced  tuberculosis  of  the  lungs  ;  numerous  tubercles  in  the  kidneys ;  slight  infection  of  the  liver. 
In  both  the  lungs  and  the  kidneys  the  bacilli  have  multiplied  abundantly. 


This  virus  was  also  tested  on  the  bovine.  Calf  510  was  killed  96  days  after  a  subcutaneous  dose  of  50  rag.  of  culture. 
Th<3  local  lesion  is  typical  of  the  conservative  type.  Microscopic  specimens  of  luns,  liver  kidney,  spleen,  and  a  lymphatic 
and  were  found  to  be  norvaal. 
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(2.) 

Animal  Inoculated.— Rabbit  1172. 


Rabbit  1172  was  inoculated  subcutaneously  with 
50  mg.  of  culture  of  Z  III  (an  antelope),  and  was  killed 
111  days  afterwards. 

Limgs. 

The  tissue  shows  a  patchy  consolidation  with  many 
areas  of  caseation.  The  lesions  are  partially  confluent, 
but  there  is  a  tendency  for  the  individual  lesions  to 
be  surrounded  by  a  cellular  zone.    Moderately  large 


groups  of  bacilli  occur  in  some  of  the  caseous  sites,  but 
on  the  whole  bacilli  are  scanty. 

Liver. 

There  are  a  few  small  foci  of  doubtful  nature. 
No  bacilli  have  been  found, 

Kidnei/s. 

No  lesions  or  bacilli  have  been  found. 


SOMMARY. 

Slowly  progressive  tuberculosis  of  the  lungs. 


General  Results. 


The  viruses  Z  I  and  Z  III  have  pi'oduced  in  the 
rabbit  advanced,  slowly  progressive  disease  identical 
in  type  with  that  caused  by  other  mammalian  viruses 
possessing  relatively  low  virulence  for  the  bovine. 


Calf  510,  inoculated  subcutaneously  with  50  mg.  of 
culture  of  Z  III,  showed  no  signs  of  dissemination  in 
the  specimens  examined. 
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ADDITIONAL  HISTOLOGICAL  DETAILS  ILLUSTRATING 
VARIOUS  PHASES  OF  INFECTIONS  WITH  MAMMALIAN 

BACILLI. 


I.-THE  PEOCESSES  OF  BACTERIAL  INVASION  AND  GROWTH. 


A.-EARLY  DISSEMINATION. 


First  Week. 


One  Day. 

Calf  438. — Killed  24  hours  after  subcutaneous  iu- 
oculatioQ  on  the  left  side  of  the  neck  with  44  mg. 
of  highly  virulent  bacilli  of  bovine  origin.  At  the 
site  of  inoculation  the  tissues  are  much  distorted  by 
the  mass  of  the  material  injected.  There  are  several 
torn  blood  capillaries,  which  suggest  the  possibility 
that  some  of  the  bacilli  may  have  at  once  gained 
access  to  the  circulation.  A  few  bacilli  are  seen 
within  lymph  spaces,  and  bacilli  are  often  found  in 
close  proximity  to  blood  capillaries,  though  not 
actually  within  them.  In  the  prescapular  gland  on 
the  same  side  only  a  few  bacilli  have  been  found. 
<Most  of  them  occur  at  the  periphery  of  the  gland, 
either  within  the  peripheral  lymph  sinus,  in  the 
tissues  of  the  capsule  immediately  external  to  this,  or 
a  short  distance  within  the  cortical  lymphoid  tissue. 
No  bacilli  have  been  found  in  sections  obtained  from 
other  situations,  viz. :  spleen  (three  sections  each 
from  different  parts),  lungs,  liver,  and  kidneys  (two 
sections  of  each  organ,  each  section  from  different 
parts),  a  bronchial,  a  portal,  and  a  popliteal  gland 
(one  section  of  each). 

Pifj  144. — Killed  24  hours  after  subcutaneous  in- 
oculation under  the  skin  of  the  ear  with  20  mg.  of 
virulent  bacilli  of  bovine  origin.  The  local  lesion, 
not  received  for  examination,  is  described  by  Drs. 
A.  S.  and  F.  Griffith  as  "a  small  patch  of  necrosis  in 
the  subcutaneous  tissues  of  the  ear."  In  a  cervical 
gland,  removed  from  the  same  side  of  the  body,  there 
are  numerous  small  groups  of  bacilli,  which  are 
generally  distributed  both  in  the  lymphoid  tissue  and 
in  the  lymph  channels.  No  bacilli  have  been  found 
in  sections  of  the  lungs,  liver,  kidneys,  spleen,  and  a 
bronchial  gland  (three  sections  of  each  organ). 

Note. — These  observations  are  recorded  with  the 
object  of  throwing  some  light  on  the  quantity  of 
bacilli  distributed,  negative  results  in  the  case  of  any 
particular  tissue  being  an  indication  that  the  amount 
of  dissemination  in  that  tissue  is  not,  at  all  events, 
likely  to  have  been  gi-eat.  But  from  the  absence  of 
bacilli  in  the  small  bulk  of  material  contained  in  a 
histological  section  it  is  impossible  to  infer  their 
complete  absence  in  the  tissue  as  a  whole.  And,  in 
fact,  Drs.  A.  S.  and  F.  Griffith  have  shown  by 
inoculation  tests  (App.  to  2Dd  Int.  Rep.,  Vol.  III., 
p.  237)  that  for  eight  different  species  of  animals,  in- 
cluding the  calf  and  the  pig,  general  dissemination 
takes  place  within  24  hours  after  subcutaneous  inocu- 
lation. Thus  in  Calf  438  they  have  demons'irated  the 
presence  of  bacilli  in  the  blood,  lungs,  spleen,  liver, 
kidneys,  marrow,  muscle,  and  a  popliteal  gland  ;  and 
in  Pig  144  bacilli  have  been  shown  to  be  present  in 
the  blood,  lungs,  and  spleen. 

Three  Days. 
Calf  284. — Killed  tlree  days  after  subcutaneous 
inoculation  on  the  side  of  the  neck  with  50  mg.  of 
highly  virulent  bacilli  of  bovine  origin.  In  the  local 
lesion  tubercle  bacilli  are  readily  demonstrable  enter- 
ing lymphatic  channels,  entering  blood  capillarie?, 
within  lymphatic  vessels,  and  within  blood  capillaries. 
In  the  prescapular  gland  on  the  same  side  tubercle 
bacilli  are  readily  found,  sometimes  occurring  singly 
and  sometimes  in  small  groups,  though  the  total 
number  present  is  not  very  large.    The  bacilli  occur 


chiefly  in  the  cortical  lymphatic  tissue  ;  one  has  been 
found  within  a  blood-vessel  in  the  substance  of  the 
gland.  In  a  prepectoral  gland  bacilli  are  not  very 
numerous,  but  a  few  small  clumps  have  been  found 
in  the  cortex.  In  one  specimen  of  lung  bacilli  are 
very  rare,  but  they  have  been  found  within  capillaries  ; 
in  another  specimen  none  have  been  found.  Bacilli 
have  been  found  in  two  specimens  of  liver  but  are 
rare.  A  few  have  also  been  found  in  a  bronchial 
gland.  None  have  been  found  in  the  kidneys  (four 
sections),  spleen,  a  mediastinal  gland,  a  portal  gland,  a 
mesenteric  gland,  and  a  popliteal  gland  (three  sections  of 
each). 

CaJf  873. — Killed  three  days  after  subcutaneous 
inoculation  on  the  side  of  the  neck  with  50  mg.  of 
a  virus  of  human  origin  known  to  be  only  slightly 
virulent  for  the  bovine.  In  the  local  lesion  bacilli 
are  readily  demonstrable  in  the  same  situations  as  in 
the  local  lesion  of  Calf  284.  In  the  prescapular 
gland  on  the  same  side  bacilli  are  numerous  in  the 
cortical  substance,  in  the  peripheral  lymph  channel, 
and  along  the  course  of  the  lymph  channels  per- 
meating the  cortical  substance.  In  one  specimen  of 
lung  a  single  bacillus  has  been  found  within  a  blood- 
vessel immediately  beneath  the  pleura  ;  in  the  other 
specimen  of  lung  examined  none  have  been  found. 
In  the  liver  a  few  bacilli  have  been  found  ;  they  occur 
within  blood-vessels.  In  a  renal  lymphatic  gland  one 
bacillus  has  been  found  near  the  peripheral  lymph 
sinus.  None  have  been  found  in  the  kidneys  (four 
sections),  spleen,  a  deep  cervical  gland,  a  bronchial 
gland,  a  mediastinal  gland,  a  portal  gland,  a  mesenteric 
gland,  and  a  popliteal  gland  (three  sections  of  each). 
By  means  of  guinea-pig  inoculations  Dr.  Cobbett  has 
demonstrated  the  presence  of  bacilli  in  the  spleen,  the 
rib  marrow,  and  a  popliteal  gland. 

Pifj  146. — Killed  three  days  after  subcutaneous 
inoculation  under  the  skin  of  the  ear  with  20  mg.  of 
virulent  bacilli  of  bovine  origin.  The  local  lesion,  not 
received  for  examination,  is  described  by  Drs.  A.  S. 
and  P.  Griffith  as  "  a  yellow  patch  of  necrosis,  larger 
than  in  Pig  141,  undergoing  softening."  In  a  cervical 
gland,  removed  from  the  same  side  of  the  body,  bacilli 
are  much  more  numerous  than  in  the  corresponding 
gland  of  Pig  144  ;  they  are  frequent  in  the  lymph 
channels,  abundant  in  the  lymphoid  tissue,  and  occa- 
sionally occur  within  blood-vessels.  No  bacilli  have 
been  found  in  sections  of  the  lungs,  liver,  kidneys, 
spleen,  and  a  bronchial  gland  (three  sections  of  each 
organ).  But  Drs.  A.  S.  and  F.  Griffith,  by  the 
methods  of  animal  inoculation  and  culture,  have 
demonstrated  the  presence  of  bacilli  in  the  blood, 
lung?,  spleen,  liver,  muscle,  and  bone-marrow. 

Five  Days. 

Pig  Killed  five  days  after  feeding  with  377 

mg.  of  human  bacilli  (H.  104  E.R.).  In  the  spleen 
there  is  a  small  focus  of  commencing  caseation  con- 
taining in  its  centre  a  clump  of  bacilli. 

Pig  148. — Killed  five  days  after  subcutaneous  in- 
oculation undor  the  skin  of  the  ear  with  20  mg.  of 
virulent  bacilli  of  bovine  origin.  The  local  lesion  is 
described  by  Drs.  A.  S.  and  F.  Griffith  as  "a  small 
swelling  comi)osed  of  yellow,  necrotic,  breaking  down 
substance."  In  a  cervical  gland,  removed  from  the 
same  side  of  the  body,  bacilli  are  distinctly  more 


Histology — Bacterial  Invasion. 


119 


numerous  than  in  the  corresponding  gland  of  the  three 
days'  animal.  In  sections  of  the  lungs  one  small 
group  of  four  or  five  bacilli  has  been  found  with 
difficulty.  No  bacilli  have  been  found  in  sections  of 
the  liver,  kidneys,  spleen,  and  a  bronchial  gland  (three 
sections  of  each  organ).  But  Dr.s.  A.  S.  and  F. 
Griffith  by  animal  inoculations  have  demonstrated  the 
presence  of  bacilli  in  the  blood,  spleen,  liver,  and 
muscles. 


Six  Days. 

Rabbit  1544. — Killed  six  days  after  subcutaneous 
inoculatioQ  with  50  mg.  of  Ijovine  bacilli.  At  the 
periphery  of  the  local  lesion  the  blood-capillaries  are 
dilated  and  a  few  bacilli  have  been  found  within  them. 
Evidence  of  dissemination  is  also  found  in  the  lungs, 
where  there  are  small,  slightly  caseous  foci  containing 
a  few  bacilli. 


Second  Week. 


Eight  Days. 

Calf  5.95.— Killed  eight  days  after  subcutaneous 
inoculation  on  the  side  of  the  ne:k  with  50  mg.  of 
highly  virulent  bacilli  of  bovine  origin.  In  sections 
of  the  local  lesion  bacilli  are  readily  demonstrable 
gaining  access  to  the  blood  and  lymph  channels.  In 
the  prescapular  gland  on  the  same  side  bacilli  are 
very  abundant  in  the  cortex,  but  much  less  numerous 
in  the  medulla  ;  they  are  also  demonstrable  in  the 
lymph  channels.  In  a  prepectoral  gland  bacilli  are 
scattered  throughout  the  tissue,  but  are  much  less 
numerous  than  in  the  prescapular  gland  ;  they  often 
occur  in  groups,  each  group  consisting  of  from  one  to 
two  dozen  bacilli.  In  the  lungs  there  are  many  small 
deposits  of  bacilli,  the  number  in  each  varying  from 
three  or  four  in  the  smallest  to  100  or  200  in  the 
largest ;  bacilli  are  often  found  within  the  blood 
capillaries  or  attached  to  the  inner  surface  of  the 
capillary  walls.  In  a  bronchial  gland  bacilli  occur  in 
several  parts  of  the  cortical  lymphoid  tissue,  though 
their  total  number  is  small.  In  a  mediastinal  gland 
bacilli  are  more  numerous  and  are  present  in  the 
lymph  sinuses  as  well  as  in  the  gland  substance.  In 
each  of  two  specimens  of  liver  bacilli  have  been  found 
in  a  few  situations,  but  their  total  number  is  very 
small.  In  a  portal  gland  bacilli  are  abundant.  There 
are  several  small  groups  of  bacilli  in  the  spleen.  In  a 
mesenteric  gland  no  bacilli  have  been  found.  In  a 
popliteal  gland  the  total  number  of  bacilli  is  not 
large,  though  there  are  several  small  deposits,  the 
largest  consisting  of  a  group  of  about  30  or  40  ;  the 
bacilli  are  in  the  lymphoid  follicles  ;  none  have  been 
found  in  the  lymph  sinuses. 

Calf  881. — Killed  eight  days  after  subcutaneous 
inoculation  on  the  side  of  the  neck  with  50  mg.  of  a 
virus  of  human  origin  known  to  be  only  slightly  viru- 
lent for  the  bovine.  In  a  section  of  the  local  lesion  a 
few  bacilli  have  been  found  in  the  walls  of  a  blood 
capillary,  but  the  tissue  is  less  vascular  than  in  the 
corresponding  specimen  of  the  three  days'  calf  inocu- 
lated with  the  fame  virus,  and  the  opportunities  for 
bacilli  to  make  their  way  into  neighbouring  vessels  are 
fewer.  In  the  prescapular  gland  on  the  same  side 
there  is  an  increase  in  the  number  of  bacilli  compared 
with  the  corresponding  gland  of  the  three  days' 
animal  ;  none  have  been  found  in  the  lymph  spaces  of 
the  medulla.  In  a  deep  cervical  gland  removed  from 
the  same  side  of  the  neck  as  the  prescapular,  bacilli 
are  distributed  throughout  in  moderately  large 
numbers.  In  a  prepectoral  gland  bacilli  are  almost  as 
numerous  as  in  the  prescapular  gland.  No  bacilli 
have  been  found  in  any  of  the  sections  of  lungs,  livcr, 
or  kidneys  (four  sections  of  each  organ)  ;  but  in  the 
lungs  a  few  minute  histological  lesions  suggest  that  a 
few  bacilli  may  perhaps  have  been  present  previously. 
A  few  bacilli  have  been  found  in  a  bronchial  gland 
but  none  in  a  mediastinal  gland  nor  in  a  portal  gland. 
Two  bacilli  have  been  found  in  the  spleen.  No  bacilli 
have  been  found  in  a  mesenteric  gland,  a  popliteal 
gland,  and  a  suprarenal  capsule  (three  sections  of 
each).  By  inoculating  guinea-pigs.  Dr.  Cobbett  has 
demonstrated  bacilli  in  the  blood,  marrow,  lungs, 
liver,  kidneys,  and  a  popliteal  gland. 

Fig  142.  —  Killed  eigbt  days  after  subcutaneous 
inoculation  under  the  skin  of  the  ear  with  20  mg.  of  a 
virulent  culture  of  bovine  origin.  The  local  lesion  is 
described  by  Drs.  A.  S.  and  F.  Griffith  as  a  "  caseo- 
necrotic  local  tumour."  In  a  cervical  gland,  removed 
from  the  same  side  of  the  body,  there  is  a  marked 
increase  in  the  number  of  bacilli  compared  with  the 
corresponding  gland  of  the  five  days'  animal ;  many 
of  these  bacilli  are  no  doubt  the  result  of  growth 
subsequent  to  arrival  in  the  gland,  but  many  of  them 
are  identical  in  characters  with  serum  grown  bacilli, 


and  are  therefore  probably  a  portion  of  the  inocu- 
lated material.  In  the  lungs  bacilli  are  moderately 
numerous,  and  are  irregularly  distributed  in  all  parts 
of  the  tissue  ;  the  nu-nber  present  in  each  focus 
usually  varies  from  three  or  four  to  about  twenty, 
but  a  few  larger  groups  have  been  found,  their  expan- 
sion being  probably  due  to  multi.plication  after 
arrival.  In  a  bronchial  gland  a  few  bacilli  are  present. 
In  the  liver  bacilli  are  rare,  but  a  few  small  deposits 
have  been  found.  No  bacilli  have  been  found  in  the 
kidneys.  Three  or  four  bacilli  have  bsen  found  in 
the  spleen.  By  animal  inoculations  and  cultures, 
Drs.  A.  S.  and  F.  Griffith  have  sliown  that  bacilli  also 
occur  in  the  blood,  muscle,  and  a  precrural  gland. 

Nine  Days. 

Rat  61  (ZJ).— Died  nine  days  after  intraperitoneal 
inoculation  with  lOmg.  of  a  bovine  virus.  There  is 
no  histological  evidence  that  death  at  this  early  date 
was  due  to  tuberculosis.  The  lungs  contain  many 
small  groups  of  bacilli,  and  throughout  the  liver 
bacilli  are  abundantly  distributed  in  small  groups, 
both  in  tbe  interstitial  tissue  and  amongst  the  liver 
cells.  The  substance  of  the  kidneys  has  not  been 
found  to  be  invaded  by  bacilli,  but  masses  of  these 
organisms  are  adherent  to  some  parts  of  the  capsules. 

Fourteen  Days. 

Calf  288. — Killed  14  days  after  subcutaneous  inocu- 
lation on  the  side  of  the  neck  with  50  mg.  of  highly 
virulent  bacilli  of  bovine  origin.  In  the  local  lesion 
there  are  plenty  of  blood  capillaries,  and  both  within 
them  and  entering  them  tubercle  bacilli  are  to  be 
found.  There  is  also  a  very  large  supply  of  bacilli  in 
close  proximity  to  blood-vessels.  In  the  prescapular 
gland  on  the  same  side,  bacilli  are  very  abundant, 
forming  groups  visible  with  a  low  power  throughout 
the  tissue.  Multiplication  must,  of  course,  be  taken 
into  account,  as  well  as  increased  dissemination.  A 
prepectoral  gland  is  in  the  same  condition  as  the 
prescapular  gland.  In  the  lungs,  tubercles  containing 
bacilli  varying  in  number  from  a  few  to  50  or  100  are 
to  be  found  in  almost  every  microscopic  field  (low 
power  view).  The  increase  in  the  number  of  foci,  as 
compared  with  the  lungs  of  the  corresponding  eight 
days'  calf,  points  to  a  decided  increase  of  dissemina- 
tion. In  a  mediastinal  gland  bacilli  are  abundant. 
In  the  liver  there  are  numerous  small  foci,  each 
containing  a  few  bacilli,  but  compared  with  the  lungs 
the  total  number  of  bacilli  is  very  small  ;  there  is, 
however,  a  very  considerable  increase  in  the  nucnber 
of  foci  compared  with  the  corresponding  eight  days' 
liver.  In  a  portal  gland,  bacilli,  both  singly  and  in 
groups,  are  deposited  in  many  parts  of  tiie  tissue. 
In  the  kidneys  there  are  ssveral  small  lesions,  each 
containing  a  few  bacilli.  Bacilli  are  distributed  mora 
or  less  uniformly  throughout  the  spleen  and  are  fairly 
numerous.  In  a  mesenteric  gland,  bacilli  are  moder- 
ately numerous.  In  the  cortical  substance  of  a 
popliteal  gland  there  are  a  few  small  groups  of 
bacilli. 

Calf  869. — Killed  14  days  after  subcutaneous  in- 
oculation on  the  side  of  the  neck  with  50  mg.  of  a  virus 
of  human  origin  known  to  be  only  slightly  virulent 
for  the  bovine.  In  the  local  lesion  there  is  marked 
evidence  of  conservative  change  and  the  opportuniiies 
for  bacilli  gaining  access  to  the  relatively  few  patent 
blood-vessils  which  are  pressnt  in  proximity  to  them 
are  fewer  than  in  the  corresponding  lesion  of  the 
eight  days'  animal  (Calf  881).  In  the  prescapular  gland 
on  the  same  side,  and  in  a  prepectoral  gland,  bicilli 
are  numerous  throughout  the  cortex,  and  it  seems 
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clear  that  additional  bacilli  have  been  drained  into 
these  areas  since  the  eighth  day.  In  each  of  two 
specimens  of  lung  a  few  early  lesions  are  present,  and 
in  the  majority  of  these  there  are  three  or  four 
bacilli  ;  no  bacilli  have  been  found  within  blood- 
vessels. In  a  bronchial  gland  and  in  a  mediastinal 
gland  there  are  a  few  small  deposits  of  bacilli.  In  one 
specimen  of  liver  a  few  bacilli  have  been  found 
within  a  blood-vessel ;  in  another  specimen  there  is 
one  small  tubercle,  in  which  one  bacillus  has  been 
found.  No  bacilli  have  been  found  in  a  portal  gland. 
A  few  bacilli  are  present  in  the  spleen.  No  bacilli 
have  been  found  in  the  kidneys  (four  sections),  a 
mesenteric  gland,  a  popliteal  gland,  and  a  suprarenal 
capsule  (three  sections  of  each).  By  inoculating 
guinea-pigs,  Dr.  Cobbett  has  shown  that,  in  addition  to 
other  situations,  bacilli  were  present  in  the  kidneys,  a 
popliteal  gland,  and  the  rib  marrow  ;  but  a  guinea-pig 
inoculated  with  blood  failed  to  develop  tuberculosis. 

Pig  750.— Killed  14  days  after  subcutaneous  inocu- 
lation under  the  skin  of  the  ear  with  20  mg.  of  a 
virulent  virus  of  bovine  origin.  The  local  lesion  is 
described  by  Drs.  A.  S.  and  F.  Griffith  as  "  a  caseo- 
necrotic  tumour  with  a  cavity  in  the  centre  com- 
municating externally  through  a  small  opening."  In 
a  cervical  gland,  removed  from  the  same  side  of  the 


body,  the  deposits  of  bacilli  are  very  abundant,, 
showing  an  increase  on  the  corresponding  eight  days' 
specimen.  In  the  lungs,  deposits  of  bacilli  are 
moderately  numerous,  not  more  numerous  than  in  the 
corresponding  eight  days'  specimens.  In  a  bronchial 
gland  there  are  several  small  groups  of  bacilli,  the 
deposits  being  more  numerous  than  in  the  corre- 
sponding eight  days'  specimen.  In  the  liver  deposits  of 
bacilli  are  scanty  in  number,  .showing  no  definite 
increase  compared  with  the  number  found  in  the  corre- 
sponding eight  days'  specimens.  In  the  portal  gland 
there  are  several  early  lesions,  in  most  of  which  one  or 
two  bacilli  are  present.  No  bacilli  have  been  found 
in  the  kidneys  (three  sections).  In  the  spleen  very  few 
bacilli  have  been  found,  no  more  than  in  the  corre- 
sponding eight  days'  specimen.  In  a  mesenteric  gland 
one  bacillus  has  been  found  after  searching  three 
sections.  Drs.  A.  S.  and  F.  Griffith  failed  to  demon- 
strate tubercle  bacilli  in  the  blood  (three  culture  tubes 
and  one  guinea-pig  inoculated)  and  in  the  marrow  (two 
culture  tubes  inoculated). 

Rabbit  1546. — Killed  14  days  after  subcutaneous 
inoculation  with  50  mg.  of  virulent  bovine  bacilli.  A 
few  lesions  and  bacilli  have  been  found  in  the  liver. 
There  are  also  suspicious  foci  in  the  lungs  and  spleen, 
but  no  bacilli  have  been  found  in  them. 


Third  Week. 


Sixteen  Days. 

Calf  436.— Died  16  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  E  I,  an  equine  virus  of  high 
virulence  for  the  bovine.  There  are  numerous 
deposits  of  bacilli  in  the  lungs,  liver,  and  a  medias- 
tinal gland,  but  no  bacilli  have  been  found  in  the 
sections  of  the  kidneys.  Most  of  the  deposits  are 
not  of  very  recent  date  but  have  had  time  to  set  up 
partially  necrotic,  miliary  tubercles,  though  the 
amount  of  the  disease  is  not  sufficient  to  account  for 
death. 

Seventeen  Days. 

Cat  32. — Died  17  days  after  subcutaneous  inoculation 
with  1  mg.  of  bovine  bacilli.  Throughout  the  lungs 
the  alveolar  walls  are  swarming  with  tubercle  bacilli. 
In  the  liver  bacilli  are  present  in  all  parts  of  the 
tissue  but  are  much  less  numerous  than  in  the  lungs. 
In  the  kidneys  bacilli  are  generally  distributed  in 
large  numbers  ;  they  are  found  in  the  glomeruli  as 
well  as  in  the  interstitial  tissue  between  the  tubules. 
In  an  inguinal  gland,  situated  near  the  local  lesion, 
bacilli  are  so  abundant  that  in  many  places  they  form 
large,  continuous  masses,  which  have  almost  com- 
pletely obliterated  the  tissue  elements.  In  this 
animal,  therefore,  multiplication,  as  well  as  dissemi- 
nation, has  been  extremely  rapid. 

Qat  56.— Died  17  days  after  intraperitoneal  inocula- 
tion with  1  mg.  of  bovine  bacilli.  The  lungs  contain 
large  numbers  of  baciUi.  In  the  liver  bacilli  are  even 
more  numerous.  A  few  groups  of  bacilli  have  been 
found  in  the  kidneys.  In  an  ileo-colic  gland  bacilli 
are  abundant.  This  case  illustrates  rapid  dissemina- 
tion of  bacilli  in  the  thorax,  as  well  as  in  the  abdomen, 
after  intraperitoneal  inoculation. 

Eighteen  Days. 
Calf  Died  18  days  after  subcutaneous  inocu- 

lation with  50  mg.  of  a  bovine  virus.    Bacilli  are 


generally  disseminated  in  large  numbers  and  have 
produced  sufficiently  extensive  disease  to  account  for 
death,  though  in  the  lungs  the  individual  tubercles, 
which  are  very  numerous,  are  smaller  than  in  cases 
which  have  lived  rather  longer.  In  this  case,  there- 
fore, dissemination  in  the  calf,  after  subcutaneous 
inoculation,  has  been  sufficiently  abundant  to  account 
for  death  in  18  days. 

Nineteen  Days. 

Calves  244,  254,  376,  933.— A\l  these  experiments 
were  terminated  19  days  after  subcutaneous  inocula- 
tion of  culture.'-  The  first  had  received  46  mg.  of 
bovine  bacilli  and  was  killed  when  moribund  ;  the 
second  had  received  50  mg.  of  bovine  bacilli  and  was 
found  dead  ;  the  third  had  received  50  mg.  of  porcine 
bacilli  and  was  killed  when  moribund  ;  the  fourth  had 
received  10  mg.  of  human  bacilli  and  was  found  dead. 
All  four  animals  illustrate  the  same  point  as  Calf  258, 
the  dissemination  being  very  extensive  and  the  lesions 
sufficient  to  account  for  death. 


Twenty  Days. 

Calf  569. — Killed,  when  moribund,  20  days  after 
subcutaneous  inoculation  with  50  mg.  of  a  virus  derived 
from  human  sputum.  The  dissemination  of  bacilli  in 
the  lungs  is  quite  sufficient  to  account  for  death.  In 
the  liver  bacilli  are  scanty. 

Twenty-one  Days, 

Cat  84. — Died  21  days  after  subcutaneous  inocula- 
tion of  1  mg.  of  bovine  bacilli.  Bacilli  are  present  in 
very  large  numbers  throughout  the  tissues  and  are 
found  in  the  blood-stream. 


Fourth  Week. 


Twenty-two  Days. 

Qat  76.— Died  22  days  after  subcutaneous  inocula- 
tion with  -1  mg.  of  bovine  bacilli.  The  tissues  are  in 
the  same  condition  as  those  of  Cat  84,  though  the  dose 
was  only  one-tenth  as  large. 

Twenty-three  Days. 

ft  Calf  1^5.— Killed,  when  moribund,  23  cays  after 
subcutaneous  inoculation  with  an  emulsion  of  tissue 
containing  about  360  million  bacilli  derived  from  a 


human  virus.  This  is  an  instance  of  early  generalised 
dissemination,  with  very  severe  incidence  on  the  lungs, 
and  sufficient  to  cause  a  moribund  condition  in  23 
days,  produced  by  a  tissue  emulsion.  Compared  with 
the  early  fatal  cases  caused  by  culture  inoculations, 
the  dose  is  small,  since  1  mg.  of  culture  contains  a 
much  larger  number  of  bacilli  than  360  million. 

— Died  23  days  after  intraperitoneal  inocula- 
tion with  25  mg.  of  porcine  bacilli  known  to  be  of 
high  virulence  for  the  bovine.  Bacilli  are  very  abun- 
dant in  all  the  tissues  of  the  body,  and  are  found  with- 
in the  blood-vessels. 


In  the  first  experiment  the  inoculation  was  intramuscular. 
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Twenty-four  Days. 

Monkey  70.— Killed,  when  very  ill,  24  days  after 
the  commencement  of  feeding  (for  five  days)  with 
tuberculous  cow's  milk  rich  in  bacilli.  At  the  post- 
mortem examination  Dr.  A.  S.  Griffith  found  "  tuber- 
culosis of  mesenteric  and  colic  glands,  lungs  and  bron- 
chial glands."  The  lungs  are  typical  of  advanced 
tubercular  pneumonia  and  contain  very  large  numbers 
of  bacilli.  The  case  is  an  instance  of  rapid  dissemi- 
nation to  the  lungs  after  feeding. 

Twenty-seven  Days. 
Goat  7.— Killed,  when  moribund,  27  days  after 


subcutaneous  inoculation  with  an  emulsion  of  tissue 
containing  about  155  million  bacilli  derived  from  a 
human  virus  of  high  virulence  for  bovines.  There  is 
a  general  dissemination  of  bacilli  amongst  the  tissues, 
including  the  mammary  gland,  with  particularly  severe 
incidence  on  the  lungs.  But  the  number  of  bacilli  in 
each  individual  lesion  is  small. 

Twenty-eight  Days. 

Lemur  14. — Died  28  days  after  subcutaneous  inocu- 
lation with  1  mg.  of  equine  bacilli  (E.  III.),  known 
to  be  highly  virulent  for  the  bovine.  Bacilli  are  very 
abundant  in  the  lungs  and  spleen,  abundant  in  the 
liver,  and  moderately  abundant  in  the  kidneys. 


Fifth 

Thirty-one  Days. 

Dog  31. — Died  31  days  after  intraperitoneal  inocu- 
lation with  60  mg.  of  bacilli  derived  from  a  human 
virus  of  low  virulence  for  bovines.  There  is  a  general 
and  very  abundant  dissemination  of  bacilli.  Bacilli 
are  frequently  found  within  blood-vessels. 

Thirty-two  Days. 

Dog  33. — Died  32  days  after  intraperitoneal  inocu- 
lation with  10  mg.  of  the  same  material  as  that 
employed  for  Dog  31.  There  is  a  general  dissemi- 
nation, similar  to  that  found  in  Dog  31  ;  the  number 
of  bacilli,  though  very  great,  is,  on  the  whole,  not 
quite  so  large  as  in  Dog  31. 

Thirty-four  Days. 

Calf  477. — Killed,  when  moribund,  34  days  after 
subcutaneous  inoculation  in  the  neck  with  an  emulsion 
of  tissue  containing  about  3,000  million  bacilli  derived 
from  a  human  virus  known  to  be  of  high  virulence 
for  the  bovine.  There  is  a  copious  general  dissemi- 
nation, with  particularly  severe  incidence  on  the  lungs. 


Week. 

Bacilli  are  also  abundant  in  the  liver  and  in  lymphatic 
glands  distant  from  the  site  of  inoculation.  Tubercles 
are  present  in  the  mammary  gland  and  contain  fairly 
large  numbers  of  bacilli. 

Monkey  114. — Died  34  days  after  subcutaneous 
inoculation  with  -Ql  mg.  of  bacilli  derived  from  a 
bovine  virus.  The  lungs,  liver,  kidneys,  and  an 
axillary  gland  all  show  numerous  lesions  fairly  rich 
in  bacilli.  It  is  noteworthy  that  the  dose  inoculated 
was  small. 

Thirty-five  Days. 

Calf  132. — Died  35  days  after  subcutaneous  inocu- 
lation with  an  emulsion  of  tissue  containing  about 
one  million  bacilli  derived  from  a  bovine  virus. 
Generalised  dissemination,  with  particularly  severe  in- 
cidence on  the  lungs. 

Monkey  9. — Died  35  days  after  subcutaneous  in- 
oculation with  an  emulsion  of  tissue  containing  bacilli 
derived  from  a  human  virus  known  to  be  of  low 
virulence  for  the  bovine.  The  lungs,  a  bronchial 
gland,  the  liver,  and  the  spleen  all  contain  very  large 
numbers  of  bacilli.  Bacilli  are  frequently  found 
within  blood-vessels. 


Sixth  Week. 

Forty  Days. 


Thirty-seven  Days. 

Pig  26. — Killed  37  days  after  feeding  with 
10,000,000  bovine  bacilli.  The  lungs  contain  discrete 
tubercles  in  which  bacilli  are  present  but  rare. 

Thirty-eight  Day'S. 

Pig  5^^.— Killed  38  days  after  feeding  with  5,000,000 
bovine  bacilli.  The  lungs  contain  discrete  tubercles, 
some  of  them  with  advanced  caseation.  Bacilli  are 
very  rare. 

Thirty-nine  Days. 

Pig  ZS.— Killed  39  days  after  feeding  with  1,000,000 
bovine  bacilli.  The  lungs  contain  small  tubercles  in 
which  bacilli  are  scanty. 


Calf  109. — Died  40  days  after  intraperitoneal  in- 
oculation with  an  emulsion  of  tissue,  containing  about 
48,000  bacilli,  derived  from  a  human  virus  known  to 
be  of  high  virulence  for  the  bovine.  The  lungs  con- 
tain numerous  miliary  tubercles  which  are  in  an  early 
stage  of  formation  and  are  rich  in  bacilli.  Throughout 
the  substance  of  the  liver  bacilli  are  distributed  in 
scanty  numbers,  and  have  given  rise  to  a  large  num- 
ber of  small  miliary  tuLercles,  the  majority  of  which 
have  commenced  to  caseate.  The  kidneys  contain 
numerous  early  tubercles  in  which  bacilli  are  present, 
but  not  very  numerous.  In  a  bronchial  gland  there 
are  extensive  lesions  and  bacilli  are  very  numerous. 
Taking  into  consideration  the  very  small  number  of 
bacilli  inoculated,  dissemination  must  have  taken  place 
with  remarkable  rapidity. 


Seventh  Week. 


Forty-five  Days. 

Calf  597. — Killed,  when  moribund,  45  days  after 
subcutaneous  inoculation  with  50  mg.  of  bacilli  of 
human  origin  found  to  be  of  high  virulence  for  the 
bovine.  There  is  a  generalised  and  abundant  dissemi- 
nation, the  feature  of  particular  interest  being  that 
numerous  caseous  tubercles  are  present  in  the  udder, 
and  are  often  in  close  proximity  to  the  milk  ducts. 

Monkey  142. — Died  45  dajs  after  subcutaneous  in- 
oculation with  -001  mg.  of  bovine  bacilli.  Enormous 
numbers  of  bacilli  are  present  in  the  lungs,  a  bron- 
chial gland,  the  liver,  and  the  kidneys. 


Forty-seven  Days. 

Calf  705.— Killed,  when  moribund,  47  days  after 
subcutaneous  inoculation  with  an  emulsion  of  tissue, 
containing  about  48,000  bacilli,  derived  from  a  human 
virus  known  to  be  of  high  virulence  for  the  bovine. 
In  the  lungs  the  bacilli  have  produced  innumerable 


miliary  tubercles  which  are  becoming  confluent  ; 
bacilli  are  also  very  numerous  in  a  bronchial  gland. 
In  the  liver  and  kidneys  the  amount  of  dissemination 
is  much  less,  thotigh  considerable.  The  special 
interest  of  the  case  is  the  large  amount  of  dissemina- 
tion in  the  lungs  following  subcutaneous  inoculation 
with  a  very  small  dose. 

Forty-eight  Days. 

Cow  68. — Killed,  when  moribund,  48  days  after 
intramammary  inoculation  with  a  tissue  emulsion 
estimated  to  contain  29  million  bacilli  of  bovine 
origin.  In  the  lungs  there  is  an  extensive  dissemi- 
nation of  bacilli,  which  have  led  to  the  formation 
of  numerous  miliary  tubercles.  Some  of  the  lesions 
are  evidently  very  recent,  but  many  others  are  large, 
caseous,  and  point  to  the  arrival  of  numerous  bacilli 
at  an  earlier  stage  in  the  exfieriment.  The  case  is 
quoted  as  illustrating  dissemination  of  bacilli  to  the 
lungs  after  intramammary  inoculation. 
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Histology — Bacterial  Invasion. 


B.-OBSTACLES  TO  DISSEMINATION. 
I.— In  Local  Lesions. 


Early  Stages. 

Calf  438. — 24  hours  after  subcutaneous  inoculation 
with  44  mg.  of  virulent  bovine  culture.  The  lesion 
is  filled  with  enormous  numbers  of  multinuclear 
leucocytes,  which  exhibit  a  vigorous  phagocytic  action 
upon  the  bacilli.  Relatively  few  bacilli  are  in  close 
proximity  to  blood-vessels,  and  it  is  evident  that  their 
progress  is  arrested  by  meeting  the  stream  of  emi- 
grating leucocytes.  Some  of  the  bacilli,  also,  are 
attached  to,  if  not  actually  within,  the  fixed  tissue 
cells. 

Rabbit  1542. — 24  hours  after  subcutaneous  inocula- 
tion with  50  mg.  of  virulent  bovine  culture.  Amongst 
and  surrounding  the  bacilli  there  is  a  very  dense  mass 
of  leucocytes  ;  there  is  no  sign  of  vaso-dilation  ;  the 
number  of  blood  capillaries  is  scanty,  and  no  bacilli 
have  been  found  in  any  of  those  present.  In  specimens 
of  lungs,  liver,  kidneys,  and  spleen  no  bacilli  have 
been  found. 

Rabbit  1572. — 24  hours  after  subcutaneous  inocula- 
tion with  50  mg.  of  human  bacilli  of  relatively  low 
virulence.  The  general  condition  is  the  same  as  in 
Rabbit  1542.  No  bacilli  have  been  found  within 
blood-capillaries,  but  a  few  have  made  their  way 
between  muscle  fibres.  In  specimens  of  lungs,  liver, 
kidneys,  and  spleen  no  bacilli  have  been  found. 

Calf  Three  days  after  subcutaneous  inocula- 

tion with  50  mg.  of  virulent  bovine  culture.  It  has 
already  been  pointed  out  that  this  specimen  shows 
bacilli  making  their  way  into  the  blood  and  lymph 
channels.  In  the  present  connection  it  is  important 
to  observe  that  it  shows  a  very  much  larger  number 
of  bacilli  which  are  placed  in  situations  distinctly 
unfavourable  for  dissemination,  e.g.  (1)  amongst 
necrotic  tissues,  entangled  in  nuclear  debris,  and 
apparently  cut  ofE  from  the  lymph  and  blood 
channels,  or  (2)  within  or  attached  to  cells.  Bacilli 
are  very  frequently  found  within  cells,  particularly 
endothelial  or  young  connective  tissue  cells  and  large 
mononuclear  cells,  some  of  which  may  be  wandering 
cells.  Except  in  the  bi'eaking  down  areas,  where 
bacilli  are  frequently  seen  clinging  to  the  nuclear 
remains  of  leucocytes,  oxyphil  leucocytes  are  much 
less  frequently  found  to  contain  bacilli  than  in  the 
preceding  specimen. 

Calf  873. — Three  days  after  subcutaneous  inocula- 
tion with  50  mg.  of  human  bacilli  possessing  low 
virulence  for  the  bovine.  A  section  passing  through 
a  large  mass  of  culture  shows  that  this  material  is 
surrounded  on  all  sides  by  a  very  dense  layer  of 
oxyphil  leucocytes.  In  situations  amongst  the  sub- 
cutaneous muscle  where  bacilli  are  more  loosely 
distributed  and  are  fewer,  it  is  seen,  as  in  Calf  284, 
that  though  some  bacilli  have  found  their  way  within 
lymph  and  blood  channels,  the  great  majority  of 
them  are  debarred  from  passing  into  the  circulation 
either  by  being  entangled  in  breaking  down  cellular 
material  or  by  being  attached  to  or  enclosed  within 
cells.  Many  of  the  fixed  tissue  cells,  as  well  as  the 
wandering  cells,  contain  bacilli.  The  multinuclear 
leucocytes  present  amongst  the  larger  collections  of 
bacilli  show  v*jry  active  phagocytosis  ;  at  the  out- 
skirts of  the  lesion,  where  bacilli  are  loosely  scattered 
in  relatively  small  numbers,  they  are  contairied 
within  other  types  of  cells  quite  as  frequently  as 
within  leucocytes  and  the  attraction  of  the  leucocytes 
towards  the  bacilli  is  much  less  evident. 

Rabbit  1543. — Three  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  virulent  bovine  culture.  The 
mass  of  bacilli  has  expanded  further  than  in  the  24 
hours'  specimens  of  rabbits'  local  lesions,  but  the 
general  condition  is  the  same  as  that  of  Rabbit  1542. 
In  specimens  of  lungs,  liver,  kidneys,  and  spleen  no 
bacilli  have  been  found. 

Rabbit  1573. — Three  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  human  bacilli  of  relatively  low 
virulence.  Compared  with  the  24  hours'  specimeus  of 
rabbits'  local  lesions  the  main  difference  is  that  at  the 
periphery  of  the  lesion  the  hlood-capilliries  are 
numerous  and  dilated,  and  their  endothelial  cells  are 
swollen  ;  but  no  bacilli  have  been  found  within  blood- 
vessels, and  there  is  no  evidence  of  dissemination  in 
the  specimens  of  lungs,  liver,  kidnej  s,  and  spleen. 


Rabbit  1544. — Six  days  after  subcutaneous  inoculation 
with  50  mg.  of  virulent  bovine  bacilli.  The  barrier  of 
leu-ocytes,  though  still  very  conspicuous,  shows  signs 
of  breaking  down,  but  external  to  this  there  is  a  wide 
and  compact  zone  of  lymphocytes.  The  bacilli  are 
more  widely  distributed  than  in  earlier  specimens  ; 
the  blood  capillaries  are  dilated  and  occasionally  con- 
tain bacilli. 

Rabbit  1574. — Six  days  after  subcutaneous  inocula- 
tion with  human  bacilli  of  relatively  low  virulence. 
The  lesion  is  expanding.  At  its  periphery,  both  in 
the  loose  connective  tissue  and  where  it  is  invading  the 
muscle,  there  is  a  large  increase  of  the  fixed  tissue  cells, 
many  of  which  contain  bacilli.  No  bacilli  have  been 
found  in  blood-vessels,  and  there  is  no  evidence  of 
dissemination  in  the  specimens  of  lungs,  liver,  kidneys, 
and  spleen. 

Calf  292. — Eight  days  after  subcutaneous  inocula- 
tion with  50  mg.  of  virulent  bovine  culture.  Bacilli 
are  very  abundantly  present  in  areas  of  necrotic 
tissue.  At  the  periphery  of  the  lesion  they  are 
frequently  contained  within  many  varieties  of  cells, 
including  muscle  fibres.  Oxyphil  leucocytes  are 
extremely  numerous  and  are  frequently  seen  to  have 
ingested  bacilli. 

Calf  881. — Eight  days  after  subcutaneous  inocula- 
tion with  50  mg.  of  human  bacilli  possessing  low 
virulence  for  the  bovine.  The  mass  of  bacilli  in  the 
interior  of  the  lesion  is  becoming  surrounded  with  an 
imperfectly  formed  fibrous  stroma.  External  to  this 
stroma  the  muscle  is  infiltrated,  but  the  number  of 
bacilli  diminishes  with  remarkable  rapidity  as  we  pass 
from  the  central  groups  towards  the  peripheral  area 
of  infiltration,  and  it  is  clear  that  dissemination  is 
already  becoming  restricted  by  the  formation  of  a 
cellular  zone  of  demarcation.  The  number  of  bacilli 
within  blood  or  lymph  channels,  or  in  close  contact 
with  their  walls,  is  small. 

Rabbit  1545. — Eight  days  after  subcutaneous  ino- 
culation with  50  mg.  of  virulent  bovine  bacilli.  The 
central  portion  of  the  lesion  has  liquefied.  In  the 
outlying  portions  the  chief  change  noted  is  an  increase 
in  the  number  of  plasma  cells.  No  evidence  of  dis- 
semination has  been  found  in  the  specimens  of  lungs, 
liver,  kidneys,  and  spleen. 

Rabbit  1575. — Eight  days  after  subcutaneous  ino- 
culation with  50  rog.  of  human  bacilli  of  relatively  low 
virulence.  The  general  condition  is  similar  to  that  of 
Rabbit  1545. 

Calf  288. — Fourteen  days  after  subcutaneous  in- 
oculation with  50  mg.  of  virulent  bovine  culture.  The 
tissue  is  extensively  necrotic  and  is  swarming  with 
bacilli.  Though  the  bacilli  are  evidently  gaining  the 
upper  hand  and  are  gfiining  access  to  the  numerous 
capillaries  which  are  still  present,  there  is  abundant 
phagocytosis  and  a  considerable  amount  of  newly 
formed  fibrous  tissue.  The  latter,  however,  is  too 
loosely  and  irregularly  constructed  to  offer  a  sub- 
stantial barrier  to  the  progress  of  the  bacilli. 

Calf  869. — Fourteen  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  human  bacilli  possessing  low  viru- 
lencs  for  the  bovine.  Compared  with  the  eight  days' 
specimen  of  the  animal  (Calf  881)  inoculated  with  the 
same  virus,  the  formation  of  a  fibrous  limitation 
zone  is  much  more  advanced  and  the  facilities  for 
further  dissemination  of  the  bacilli  are  very  con- 
siderably diminished.  Only  a  few  bacilli  have  gained 
access  to  the  muscular  tissue  outside  the  fibrous 
demarcation  area. 

Rabbit  1546. — Fourteen  days  after  subcutaneous  in- 
oculation with  50  mg.  of  virulent  bovine  bacilli.  The 
genenal  condition  is  similar  to  the  eight  days'  local 
lesions  of  rabbits,  but  there  is  a  decrease  in  the  num- 
ber of  bacilli  and  an  increase  in  the  periperal  zone  of 
plasma  cells. 

Rabbit  1576. — Fourteen  days  after  subcutaneous  in- 
oculation with  50  mg.  of  human  bacilli  of  relatively  low 
virulence.  The  general  condition  is  similar  to  that  of 
Rabbit  1546.  No  evidence  of  dissemination  has  been 
found  in  the  specimens  of  lungs,  liver,  kidneyS;  and 
spleen. 
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Later  Stages. 

C^af  769  —Died  17  dcays  after  subcutaneous  inocu- 
lation with  50  mg.  of  human  bacilli  possessing  low 
virulence  for  the  bovine,  death  being  due  to  intestinal 
disturbances  not  associated  with  tuberculosis.  As  in 
the  14  days'  local  lesion  of  Calf  869,  there  is  an 
abundant  formation  of  fibrous  tissue,  but  in  the 
present  instance  this  tissue  is  much  more  looseiy 
arranged  and  forms  a  much  less  effective  barrier 
against  the  dissemination  of  bacilli.  Bacilli  are 
abundant  in  all  parts  of  the  section  and  in  several 
places  are  seen  entering,  or  within,  blood-vessels. 
Probably  the  lowered  resistance  due  to  intercurrent 
disease  has  caused  the  differences  noted  between  this 
lesion  and  the  lesion  of  Calf  869. 

Calf  767.— Killed  25  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  human  bacilli  possessing  low 
virulence  for  the  bovine.  The  wall  of  the  lesion 
shows  large  fibro-caseous  areas  from  which  nearly  all 
the  blood  -  vessels  have  disappeared.  Baeild  are 
abundant  within  the  caseous  material  but  are  almost 
completely  confined  to  this  situation.  Very  few  are 
found  amongst  the  cellular  infiltration  between  the 
muscle  fibres  external  to  the  fibrous  wall  of  the 
lesion. 

Qoat  7.— Killed  27  days  after  subcutaneous  inocu- 
lation with  an  emulsion  of  tissue  containing  155 
million  bacilli  of  a  human  virus  known  to  be  highly 
virulent  for  the  bovine.  The  tissue,  though  highly 
necrotic,  still  contains  numerous  patent  blood-capil- 
laries. Bacilli  are  scanty  in  number  and  are  generally 
found  amongst  caseous  material  or  cellular  debris  ; 
none  have  been  found  in  proximity  to  blood-vessels. 

Goat  1. — Died  34  days  after  subcutaneous  inocu- 
lation with  an  emulsion  of  tissue  containing  about 
620  million  bacilli  of  a  human  virus  known  to  be 
highly  virulent  for  the  bovine.  The  animal  had 
received  two  inoculations  on  previous  occasions.  This 
specimen  is  useful  for  comparison  with  the  last.  The 
lesion  produced  by  the  final  inoculation  consists  of 
large  caseous  areas,  bounded  and  intersected  by  fibrous 
tissue,  and  is  swarming  with  bacilli.  There  are  many 
dilated  blood  capillaries,  and  numerous  bacilli  are 
often  found  in  close  contact  with  these.  At  the 
periphery  of  the  lesion,  where  we  get  early  infiltration 
into  the  muscle,  the  fibrous  tissue  appears  to  have 
entangled  many  of  the  bacilli  and  prevented  them 
from  spreading  ;  but  in  some  places  there  is  early 
invasion  of  the  bacilli  between  the  muscle  fibres. 
In  these  peripheral  regions  the  majority  of  the  bacilli 
are  adherent  to,  or  enclosed  within,  the  fixed  tissue 
cells.  On  the  whole,  the  resistance  of  the  tissues  to 
the  bacilli  is  relatively  feeble.  Probably  the  animal's 
resistance  was  lowered  by  the  previous  inoculations. 

Calf  185. — Killed  40  days  after  subcutaneous  inocu- 
lation with  "75  cc.  of  wet  bacilli  (a  broth  culture  4i 
months  old)  obtained  from  a  human  virus  known  to  be 
of  low  virulence  for  the  bovine.  The  specimen  consists 
of  large,  almost  completely  caseous  areas  surrounded 
by  dense  zones  of  fibrous  tissue.  Bacilli  are  present 
in  the  caseous  areas,  sometimes  in  fairly  large 
numbers,  but  they  seem  to  have  been  unable  to 
penetrate  the  fibrous  barrier.  But  in  some  of  the 
caseous  patches  blood-capillaries  persist,  and  bacilli  are 
found  in  proximity  to  them. 

Cow  63. — Died  45  days  after  subcutaneous  inocula- 
tion with  an  emulsion  of  tissue  containing  about  1(50 
million  bacilli  originating  from  human  sputum.  The 
lesion  contains  large  caseous  areas  surrounded  by  a 
Ijroad  fibrous  zone  infiltrated  with  leucocytes  and 
lymphocytes.    Bacilli  are  scanty  and  appear  to  be 


cut  off  from  access  to  the  circulation.  The  special 
feature  of  the  case  is  that  though  the  local  lesion 
shows  strong  evidence  of  resistance  to  dissemination, 
the  inoculation  proved  fatal  in  45  days. 

Calf  105. — Killed,  when  moribund,  47  days  after 
subcutaneous  inoculation  with  an  emulsion  of  tissue 
containing  about  48,000  bacilli  derived  from  a  human 
virus  of  high  virulence  for  bovines.  The  histological 
structure  of  the  lesion  is  similar  to  that  of  the  previous 
case  (Cow  G3),  though  in  some  of  the  caseous  areas 
bacilli  are  more  abundant.  It  is  noteworthy  that  the 
dose,  though  very  small,  produced  sufficient  dissemina- 
tion to  cause  a  fatal  termination  in  47  days. 

Calf  S71. — Killed  91  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  a  human  virus  of  low  virulence 
for  bovines.  The  local  lesion  was  found  to  consist  of 
liquid  grey  material  surrounded  by  a  dense  fibrous 
wall.  The  portion  of  this  wall  which  has  been 
microscoped,  though  not  so  densely  calcareous  as  to 
necessitate  decalcification,  consists  of  a  dense  fibrous 
zone  surrounding  areas  of  caseo-calcareous  material. 
In  the  fibrous  zone  there  are  several  imperfectly 
formed  capillary  channels,  most  of  which  are  empty. 
Tubercle  bacilli  are  present  in  this  zone,  though  not 
numerous  ;  they  are  also  found  amongst  the  caseo- 
calcareous  material,  but  never  occur  in  large  numbers. 
This  case  is  quoted  as  a  typical  example  of  the  result 
obtained  90  days  after  inoculation  with  a  virus  of  low 
bovine  virulence.  It  illustrates  the  dense  barrier  which 
prevents  the  central  mass  of  material,  now  reduced  to 
a  liquid  state,  from  gaining  access  to  the  circulation. 

Calf  510. — Killed  96  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  a  virus,  derived  from  an  antelope, 
possessing  low  virulence  for  the  bovine.  The  local 
lesion  contained  a  large  central  cavity  traversed  by 
fibrous  cords.  The  wall  of  this  cavity,  separating  it 
from  the  subcutaneous  muscle  external  to  it,  consists 
of  a  broad  and  very  compact  fibrous  layer.  On  the 
inner  side  of  the  fibrous  layer  there  is  a  mass  of  cells 
and  cellular  debris,  amongst  which  bacilli  are  very 
numerous,  large  numbers  of  them  being  intracellular. 
In  the  fibrous  wall  itself  and  in  the  muscle  external 
to  it,  bacilli,  with  rare  exceptions,  are  absent.  One 
of  the  fibrous  cords  traversing  the  cavity  is  found 
to  be  composed  of  dense  lamellae  of  fibrous  tissue 
surrounding  a  central  core  consisting  of  blood-vessels 
almost  completely  occluded.  Interspersed  amongst 
the  fibrous  layers  there,  are  a  few  tubercle  bacilli. 
This  specimen,  like  the  last,  illustrates  the  effective 
manner  in  which  bacilli,  introduced  in  the  local  lesion, 
are  prevented  from  getting  into  the  circulation. 

Calf  267. — Killed  111  days  after  subcutaneous 
inoculation  with  3gras.  of  bacilli,  killed  by  heating, 
derived  from  a  human  virus  known  to  be  of  low 
virulence  for  bovines.  The  local  lesion  consists  of  a 
fibrous  framework  filled  up  with  very  large  numbers 
of  leucocytes  and  lymphocytes,  the  latter  cells  being 
in  the  majority.  A  few  small  slightly  caseous  patches- 
are  present.  Very  few  bacilli  are  to  be  found.  This 
case  illustrates  the  effective  manner  in  which  the 
local  lesion  has  prevented  a  large  mass  of  dead  bacilli 
from  becoming  disseminated. 

Calf  46G. — Killed  139  days  after  cutaneous  inocula- 
tion of  50  mg.  of  virulent  bovine  culture.  The  skin 
at  the  site  of  inoculation  shows  chronic  caseous  • 
tubercles  with  numerous  giant  cells.  Bacilli  are  very 
scanty.  The  skin  seems  to  have  been  very  eft'ective 
in  preventing  most  of  the  bacilli  from  passing  more 
than  a  short  distance  below  the  surface,  but  chronic, 
retrogressive  tubercles  in  which  bacilli  are  very  rare 
have  been  found  in  a  gluteal  gland  and  the  lungs. 


II.— In  Lymphatic  Glands. 


Early  Stages. 

The  series  of  calves  and  pigs  killed  at  intervals  of 
from  one  to  fourteen  days  after  subcutaneous  inocu- 
lation have  provided  me  with  abundant  material  for 
observing  in  histological  sections  the  function  of  lym- 
phatic glands  in  arresting  the  progress  of  bacilli  which 
have  recently  arrived  there.  From  these  examples 
illustrating  early  dissemination  it  is  shown  (App.  to 
2nd  Int.  Rep.,  Vol.  IV.)  that  in  addition  to  glands 
near  the  seat  of  inoculation,  glands  situated  in  a  remote 
part  of  the  body  receive,  or  may  receive,  bacilli  at  an 
early  date.    For  the  present  purpose  the  main  fact  to 


emphasise,  a  fact  which  is  illustrated  by  all  the  early 
specimens,  is  that  Avhen  bacilli  arrive  at  a  lymphatic 
gland  their  progress  is  at  once  stopped  by  the  tissue 
with  which  they  come  into  contact  :  there  is  extremely 
little  chance  for  a  bacillus  to  travel  without  interrup- 
tion through  a  lymph  gland  and  out  again  by  the 
efferent  vessels. 

On  observing  the  periphery  of  the  cortex,  in  the 
earliest  stage  of  invasion  of  a  calf's  lymphatic  gland, 
it  is  found  that  bacilli  are  entangled  (1)  in  the 
connective  tissue  where  the  afferent  vessels  open  into 
the  peripheral  lymph  sinus,  (2)  in  the  framework  of 
the  peripheral  lymph  sinus  and  the  cells  lining  that 
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framework,  and  (3)  amongst  the  lymphoid  cells  of  the 
cortex  a  short  distance  internal  to  the  peripheral 
sinus.  Similarly,  as  we  follow  the  fibrous  strands 
which  pass  into  the  cortical  substance,  with  a  lymph 
channel  on  either  t^ide  of  them,  we  find  the  bacilli 
entangled  (1)  in  the  substance  of  these  fibrous  strands, 
(2)  in  the  meshes  of  the  lymph  sinuses,  and  (3)  in  the 
lymphoid  tissue  bordering  on  the  sinuses.  During  the 
period  of  early  invasion  bacilli  rarely  make  their  way 
into  the  medullary  part  of  the  gland  and,  when  found, 
they  are  not  lying  free  in  the  lymph  spaces  but  are 
entangled  in  the  cells  of  the  medullary  cords.  In 
performing  its  function  of  detaining  the  bacilli  the 
lymph  gland  receives  a  variable  amount  of  assistance 
from  the  finely  granular  leucocytes.  In  the  glands  of 
the  calf,  though  an  increase  in  the  number  of  these 
cells  is  generally  observable  from  the  first,  the  leuco- 
cytes do  not  seem  to  be  in  a  hurry  to  interfere.  The 
majority  of  them  may  be  described  as  being  on  duty 
but  not  engaged  in  active  work.  Deposits  of  bacilli 
are  very  frequently  found  with  no  leucocytes  near 
them.  But  as  soon  as  the  bacilli  have  begun  to  cause 
some  damage,  indicated  by  a  change  in  the  staining 
properties  of  the  cells  to  which  they  are  attached,  the 
leucocytes  are  attracted  to  the  spot  and  actively  engage 
in  phagocytosis.  In  the  pig's  lymphatic  glands  the 
general  processes  by  which  the  normal  constituents  of 
the  gland  arrest  the  bacilli  are  the  same  as  in  the  calf, 
but  the  leucocytes  appear  to  commence  work  more 
quickly.  Within  24  hours  after  bacilli  reach  the 
gland,  dense  groups  of  leucocytes  may  be  seen  sur- 
rounding them  and  vigorously  ingesting  them. 

The  main  fact  to  which  attention  is  directed  here  is 
the  important  part  played  by  the  lymphatic  glands  in 
arresting  the  early  dissemination  of  tubercle  bacilli. 
It  is  not  to  be  assumed  that  the  lymph  gland  is  always 
completely  successful  ia  the  performance  of  this  func- 
tion. There  is  the  possibility,  for  example,  that  cells 
in  the  gland,  such  as  endothelial  cells,  may,  after 
ingesting  bacilli,  break  loose  and  get  into  the  circula- 
tion at  an  early  date.  This  consideration  will  be 
dealt  with  in  a  subsequent  section.  And,  in  general, 
it  is  to  be  borne  in  mind  that  in  acute  infections  the 
apparatus  of  the  lymph  gland  breaks  down  very 
quickly.  Thus,  for  example,  fourteen  days  after 
inoculation  bacilli  are  found  gaining  access  to  the 
blood  stream  in  a  prepectoral  gland  of  Calf  288  and  a 
cervical  gland  of  Pig  150. 

1  Later  Stages. 

For  the  purpose  of  considering  obstacles  to  dissemi- 
nation the. following  are  the  main  histological  features 
of  lymphatic  glands  in  later  stages  of  the  infective 
process  : — (1)  The  lesions,  in  which  bacilli  may  or 
may  not  be  demonstrable,  may  consist  of  caseous  or 
calcareous  material  which  is  effectively  cut  oif  from 
the  circulation  by  being  completely  surrounded  by  a 
dense,  non-vascular,  fibrous  wall.  (2)  The  bacilli 
may  he  situated  in  the  centre  of  caseous  areas,  or 
within  giant  cells,  and  may  be  separated  from  any 
demonstrable  vascular  or  lymph  channels  by  a  more 
or  less  abundant  zone  of  wandering  cells  and  cells 
derived  from  the  fixed  tissues.  (3)  The  bacilli  may 
be  obviously  overcoming  the  resistance  of  the  tissues 
and  gaining  access  to  the  circulation.  These  three 
types  of  disease  may  be  conveniently  termed,  respec- 
tively, retrogressive,  indolent,  and  progressive.  But 
it  is  important  to  point  out  that  in  actual  histological 
work  lesions  are  constantly  being  found  which  are' 
intermediate  between  (1)  and  (2),  or  between  (2)  and 
(3)  ;  and  in  particular  it  is  frequently  not  merely 
difficult  but  quite  impossible  to  decide  whether  an 
indolent  lesion  is  likely  or  not  to  develop  activity  in 
the  future. 

In  considering  what  evidence  there  is  of  lymphatic 
glands  being  completely  effective  in  preventing  further 
dissemination  of  bacilli,  one  is  first  reminded  of  the 
fact  that  many  strains  of  bacilli  pi-ove  to  be  of  low 
virulence  for  the  calf  when  inoculated  subcutaneously, 
and  the  bacilli  which  find  their  way  into  the  lymphatic 
glands  are  generally  imprisoned  there  in  lesions  with 
more  or  less  definitely  retrogressive  characters.  This 
evidence  is  corroborated  by  Dr.  Cobbett's  anatomical 
observations.  He  states  (App.  to  2ad  Int.  Rep., 
Vol.  III.,  p.  218)  that  out  of  136  calves  inoculated 
subcutaneously  with  viruses  known  to  be  of  low  viru- 
lence for  the  bovine  76,  or  55-9  per  cent.,  exhibited  no 
naked  eye  manifestations  of  tuberculosis  beyond  the 
glands  near  to  the  seat  of  inoculation, 


There  are  also  some  interesting  cases  where  the 
glands  receiving  the  lymphatics  draining  the  udder 
appear  to  have  completely  arrested  all  bacilli  dis- 
seminated from  the  udder  after  intramammary  injec- 
tion, in  so  far  as  this  result  may  be  inferred  from  the 
failure  to  detect  any  tubercular  lesions  in  more 
distant  situations.  The  following  examples  are  worth 
quoting  : — 

Covj  3. — Killed  63  days  after  intramammary  inocu- 
lation with  culture  of  human  bacilli  derived  from 
sputum.  Histologically  I  have  found  in  both  inocu- 
lated quarters  extensive  tuberculosis  of  a  slowly 
progressive  type,  and  some  extension  of  the  disease  to 
one  of  the  uninoculated  quarters.  But  the  nearest 
lymphatic  glands  appear  to  be  quite  well  able  to 
dispose  of  the  few  bacilli  which  they  contain,  and  at 
the  post-mortem  examination  no  evidence  was  found 
of  dissemination  beyond  this  situation. 

Coio  44. — Killed  41  days  after  intramammary  inocu- 
lation with  an  emulsion  of  tissue  containing  two 
million  bacilli  derived  from  a  bovine  virus  of  high 
virulence.  I  have  found  very  extensive  and  obviously 
progressive  tuberculosis  of  the  inoculated  quarters  of 
the  udder,  with  numerous  bacilli.  But  at  the  post- 
mortem examination  no  sign  of  disease  was  found 
beyond  the  nearest  glands. 

Cow  500. — Killed,  when  moribund,  32  days  after 
intramammary  inoculation  with  an  emulsion  of  tuber- 
culous tissue  obtained  from  a  spontaneously  infected 
bovine.  The  udder  shows  acute  tuberculosis  of  the 
inoculated  quarters,  with  abundant  multiplication  of 
bacilli.  In  the  nearest  glands  there  are  numerous 
deposits  of  bacilli,  but  at  the  post-mortem  examination 
no  evidence  of  dissemination  beyond  this  situation  was 
found.  I  may  remark,  however,  that  the  lesions  in 
the  lymphatic  glands  are  clearly  of  an  acute  type,  and 
if  the  animal  had  lived  longer  a  wider  dissemination 
of  bacilli  would  certainly  have  taken  place  from  this 
source.  Still  this  does  not  alter  the  significance  of 
the  fact,  particularly  interesting  when  contrasted  with 
the  evidence  of  much  wider  dissemination  usually  seen 
after  subcutaneous  inoculation  with  highly  virulent 
bacilli,  that  after  32  days  the  bacilli  had  failed  to 
produce  anatomical  evidence  of  having  escaped  further 
than  the  nearest  gland. 

The  above  three  instances  are  quoted  to  illus- 
trate the  point  under  consideration.  To  prevent 
misconception,  it  may  be  added  parenthetically  that  in 
several  other  experiments  a  much  wider  dissemination 
was  observed  after  intramammary  inoculation. 

A  few  cases  may  also  be  quoted  from  certain  feed- 
ing experiments  where  there  is  anatomical  evidence 
that  the  glands  draining  the  alimentary  tract  com- 
pletely arrested  the  dissemination  of  bacilli. 

Calf  21. — Allowed  to  suck  Cow  3  (suffering  from 
mammary  tuberculosis  caused  by  bacilli  from  human 
sputum)  for  62  days  ;  killed  226  days  after  the  com- 
mencement of  the  experiment.  The  mesenteric  glands 
which  I  have  examined  contain  isolated,  retrogressive 
tubercles,  in  which  bacilli  are  extremely  rare.  At  the 
post-mortem  examination  there  was  no  evidence  of 
disseminated  disease. 

Calf  i 56.— Killed  36  days  after  being  fed  with 
tuberculous  cow's  milk  (infected  with  bacilli  of  bovine 
origin)  estimated  to  contain  five  million  bacilli.  After 
examining  specimens  of  the  mesenteric  glands  I  sum- 
marised their  histological  features  as  follows  : — 
"  Progressive,  caseating  tuberculosis.  Bacilli  fairly 
"  numerous.  The  vascularity  of  the  lesions  is  note- 
"  worthy."  From  these  characters  it  apjjeared  to  me 
probable  that  some  bacilli  would  effect  their  escape 
sooner  or  later,  if  none  had  done  so  already.  But  at 
the  post-mortem  examination  Dr.  Griffith  found  no 
proof  of  distant  dissemination. 

Calf  188. — Killed  44  days  after  feeding  with  one 
million  highly  virulent  bovine  bacilli  contained  in 
milk.  In  a  mesenteric  gland  which  I  examined  I 
found  tuberculosis  of  a  chronic  type,  with  scanty 
bacilli  and  marked  evidence  of  retrogressive  change. 
At  the  post-mortem  examination  no  evidence  of 
distant  dissemination  was  obtained. 

It  ought  to  be  added,  however,  that  these  last  three 
cases  are  more  or  less  exceptional.  In  feeding  experi- 
ments conducted  on  a  large  variety  of  animals  distant 
dissemination  has  frequently  occurred  and  has  been 
confirmed  by  microscopic  evidence. 

Another  point  arises  concerning  the  significance  of 
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macroscopic  evidence,  at  the  post-mortem  examma- 
tion,  to  the  efEect  that  the  tuberculosis  has  been 
limited  to  the  nearest  glands,  or  to  particular  glands 
in  different  parts  of  the  body,  or  to  other  clearly 
recognisable  foci.  It  not  unfrequently  happens  lu 
the  course  of  searching  large  numbers  of  histological 
specimens,  taken  from  case?  of  very  slight  seventy, 
that  bacilli,  generally  very  few  in  number,  are  found 
in  foci  so  minute  that  they  could  not  possibly  be 
detected  bv  the  naked  eye.  Therefore  the  post- 
mortem verdict  "  normal  "  does  not  absolutely 
exclude  the  possibility  that  bacilli  may  be  present. 
"Weight  is  added  to  this  consideration  by  Dr.  Cobbett's 
exrerimental  evidence.  (App.  to  2nd  Int.  Rep., 
Vol.  III.,  p.  228.)  In  seven  instances  he  injected 
into  guinea-pigs  tissue  (spleen  or  thoracic  glands) 
which  was  "apparently  normal."  The  tissue  was 
taken  from  calves  which  had  been  inoculated  subcu- 
taneously  with  human  bacilli  known  to  possess  low 
virulence  for  this  species  of  animal.  The  animals 
were  killed  at  periods  varying  from  54  to  114  days 
after  inoculation.  With  the  tissues  of  three  of  the 
calves  the  test  proved  negative,  but  the  tissues  of  the 
other  four  calves  produced  tuberculosis  in  guinea- 


pigs.  He  also  obtained  positive  results  in  many 
instances  with  material,  obtained  under  similar 
experimental  conditions,  which,  though  present- 
ing some  abnormality,  exhibited  no  macroscopic 
tubercles.  These  facts  serve  to  show  that  caution 
must  be  observed  in  interpreting  a  statement  that 
tuberculosis  is  "  limited  "  to  a  particular  group  of 
glands. 

After  making  allowance  for  the  above  considera- 
tions, it  must  be  pointed  out  that  the  main  fact  which 
my  histological  work  on  this  subject  serves  to 
emohasise  is  that  the  lymph  gland  is  highly 
efficacious  in  restraining  the  dissemination  of  bacilli. 
Reverting  to  my  rough  division  of  the  glandular 
lesions  into  (1)  retrogressive,  (2)  indolent,  and  (3) 
progressive,  it  may  be  said  that  in  (1)  it  seems  prac- 
tically impossible  for  the  bacilli  to  escape,  in  (2)  it 
seems  to  be  possible  only  in  the  event  of  the  lesion 
waking  up  to  greater  activity,  and  in  (3)  though 
escape  is  possible,  it  is  possible  only  for  the  bacilli 
which  happen  to  be  in  particularly  favourable  situa- 
tions, and  these,  in  lesions  of  this  type,  are  generally 
very  few  relatively  to  the  enormous  number  which 
are  left  behind. 


III.— In  the  Spleen. 


Early  Stages. 

In  experiments  on  various  species  of  animals 
Drs.  A.  S.  and  F.  Griffith  have  proved,  by  means  of 
guinea-pig  inoculations,  that  the  spleen  contains 
bacilli  within  24  hours  after  subcutaneous  inoculation. 
It  has  also  been  shown  by  Dr.  Cobbett  that  an  emul- 
sion of  the  spleen  removed  from  a  calf,  three  days  after 
subcutaneous  inoculation  with  human  bacilli  of 
relatively  low  virulence,  produced  tuberculosis  in 
guinea-pigs.  Histological  methods  are  less  satis- 
factory. I  have  examined  sections  from  the  spleen 
of  calves  and  pigs  killed  at  short  intervals  after  sub- 
cutaneous inoculation  and  find  that  during  the  first 
week,  and  sometimes  during  the  first  fortnight,  bacilli 
are  very  difficult  to  discover.  Frequently  no  bacilli 
can  be  found  after  the  complete  search  of  several 
specimens,  and  the  few  bacilli  occasionally  met  with 
are  not  generally  associated  with  any  definite  histo- 
logi-al  lesion.  These  results  serve  to  indicate  that, 
during  the  first  week  at  least,  the  number  of  bacilli 
arrested  by  the  spleen  under  these  experimental  con- 
ditions is  probably  very  scanty.  Thus,  in  the  spleens 
of  the  two  calves  killed  eight  da.^s  after  inocula- 
tion, one  with  virulent  and  the  other  with  slightly 
virulent  bacilli,  a  few  bacilli  are  present  in 
several  situations  but  no  definite  histological 
changes  have  been  found.  But  in  the  spleen  of 
the  calf  killed  14  days  after  inoculation  with  virulent 
culture,  bacilli  are  fairly  well  distributed  throughout 
the  tissue  and  are  fairly  numerous  ;  they  have  fre- 
quently given  rise  to  small  pitches  of  commencing 
necrosis  and  are  sometimes  found  within  giant  cells  ; 
they  are  also  frequently  found  within  large  mono- 
nuclear cells  in  many  situations  where  there  are  no 
definite  histological  lesions.  In  this  specimen,  there- 
fore, there  is  definite  evidence  that  the  spleen  has 
begun  to  arrest  the  bacilli.  Again,  in  the  series  of 
pigs  killed  at  short  intervals  after  subcutaneous 
inoculation,  the  spleen  of  the  eight  days'  animal  is 
the  first  in  which  any  definite  evidence  of  detention 
by  the  tissues  has  been  obtained.  In  this  spleen  the 
distribution  of  bacilli  appears  to  be  irregular  ;  in  the 
first  specimens  examined  very  few  could  be  found, 
but  on  subsequent  examination  of  fresh  specimens 
they  proved  to  be  rather  more  numerous  and  are 
often  definitely  entangled  in  cells,  some  foci  being 
suggestive  of  commencing  giant  cell  formation.  It 
is  also  noticeable  in  this  spleen  that  the  oxyphil 
leucocytes  are  beginning  to  assist  in  the  detention  of 
the  bacilli.  A  few  of  these  cells  appear  to  have 
been  definitely  attracted  to  the  foci  where  bacilli  are 
present,  and  there  is  a  large  reserve  force  of  leuco- 
cytes in  the  adjacent  parts  of  the  tissue. 

There  is  thus  evidence  that  bacilli  which  have 
found  their  way  into  the  spleen  may,  after  a  short 
time,  find  themselves  unable  to  escape.  But  the 
activity  of  the  spleen  in  arresting  the  progress  of 
bacilli  does  not  appear  to  be  greater  than  that 
exhibited  by  any  other  organ.  In  studying  early 
dissemination  there  is  no  evidence  that  the  spleen  is 


in  any  way  preeminent  as  a  special  trap  or  filter-bed 
for  the  collection  and  arrest  of  tubercle  bacilli. 
Compared  with  a  lymphatic  gland,  the  spleen,  from 
its  histological  structure,  is  less  well  adapted  for  the 
ready  detention  of  bacilli  ;  and  it  seems  probable 
that  many  bacilli  which  reach  the  spleen  may  pass 
through  into  the  general  circulation  with  little  or  no 
delay.  In  this  connection  it  is  interesting  to  compare 
the  spleen  with  an  organ  such  as  the  liver,  where 
the  blood -stream  is  confined  to  closed  capillaries. 
Taking  the  early  dissemination  experiments  with 
calves  and  pigs  as  a  whole,  bacilli  are  found  quite  as 
readily  in  the  liver  as  in  the  spleen,  and  during  the 
first  week  they  appear  to  be  found  more  readily  in 
the  former  organ  than  in  the  latter.  The  significince 
of  this  comparison  is  increased  when  it  is  remembered 
that  the  liver  is  a  much  larger  organ  than  the  spleen. 
Similarly,  in  a  series  of  -experiments  on  rabbits, 
inoculated  intravenously,  bacilli  are  rare  in  the  spleen 
before  the  fifth  day  ;  on  this  day  there  is  a  decided 
increase  in  their  numbers  and,  from  the  absence  of 
lesions  associated  with  them,  they  appear  to  be  early 
arrivals  ;  on  the  tenth  day  they  are  grextly  increased 
in  number  and  have  produced  early  tubercles  and 
many  giant  cells  ;  but  by  this  time  the  lungs  and 
liver  are  very  extensively  affected  and  contain 
extremely  large  numbers  of  bacilli. 

Later  Stages. 

In  spleens  examined  at  later  periods  after  inocula- 
tion the  lesions  may,  for  the  purpose  of  considering 
obstacles  to  dissemination,  be  divided  roughly,  like 
the  lesions  in  lymphatic  glands,  into  (1)  the  retro- 
gressive, (2)  the  indolent,  and  (3)  the  progressive. 
But  owing  to  the  extreme  vascularity  of  the  organ 
and  the  ready  opportunities  for  bacilli  to  gain  access 
to  the  blood-stream  without  the  necessity  of  pene- 
trating closed  walls  of  capillaries,  facilities  for  the 
escape  of  bacilli  are  greater  than  in  the  case  of 
lymph  glands,  unless  the  lesions  are  in  condition  (1), 
i.e.  definitely  walled  in  by  fibrous  barriers.  Again,  in 
condition  (3)  bacilli  are  often  found  not  merely 
within  lesions  of  an  obviously  progressive  character, 
but  also  freely  scattered  over  areas  not  advanced  to 
caseation  ;  and  under  these  circumstances  it  seems 
clear  that  bacilli  can  escape  into  the  circulation  more 
readily  and  in  larger  numbers  than  when  they  are 
located  in  acutely  infected  lymphatic  glands. 

In  some  species  of  animals  the  spleen,  relatively  to 
other  organs  of  the  same  animal,  is  affected  more 
readily  and  more  extensively  than  in  other  animals  ; 
this  seems  to  be  due  mainly  to  differences  in  the 
pathological  susceptibility  of  this  particular  tissue, 
rather  than  to  any  dilference  in  the  physiological 
capacity  of  the  organ  to  act  as  a  filter  for  the  capture 
and  retention  of  tubercle  bacilli. 

Calves. 

The  following  examples  illustrate  lesions  found  in 
the  bovine  spleen  at  later  stages  after  infection.  • 
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Calf  871. — Killed  91  days  after  subcutaneous  inocu- 
lation -with  50  mg.  of  a  Luman  virus  possessing  low 
virulence  for  the  bovine.  Sections  of  the  spleen 
show  a  few  minute  caseous  patches  and  a  few  large 
giant  cells,  but  three  sections  have  been  completely 
searched  without  the  discovery  of  any  bacilli.  Dr. 
Cobbett,  h  owever,  found  "  slight  tuberculosis "  in 
guinea-pigs  killed  53  days  after  inoculation  with  this 
material.  This  is  an  example  of  a  mild  type  of  in- 
fection in  which  the  number  of  surviving  bacilli  is 
probably  very  small  and  the  character  of  the  lesions 
indicates  that  their  chance  of  escape  is  small. 

Calf  356. — Killed  105  days  after  subcutaneous  in- 
oculation with  50  mg.  of  porcine  bacilli  possessing  low 
virulence  for  the  bovine.  In  the  specimen  of  spleen 
there  are  a  few  small,  slightly  caseous  foci  and  some 
imperfectly  formed  giant  cells  ;  no  bacilli  have  been 
found.  Like  the  last  specimen,  this  is  an  example  of 
successful  resistance  on  the  part  of  the  tissue. 

Calf  102. — Killed  150  days  after  subcutaneous  in- 
oculation with  an  emulsion  of  tissue  containing  about 
116,000  bacilli  of  bovine  origin.  The  specimen  con- 
tains a  tubercle  which  is  in  an  advanced  stage  of 
caseation,  is  surrounded  by  a  considerable  amount  of 
fibrous  tissue,  and  contains  very  few  bacilli ;  the 
remainder  of  the  section  is  normal.  In  this  case,  also 
an  example  of  successful  resistance,  the  bacilli  belong 
to  a  highly  virulent  bovine  virus. 

Calf  103. — Killed  130  days  after  subcutaneous  in- 
oculation with  an  emulsion  of  tissue  estimated  to 
contain  48,000  bacilli  derived  from  a  human  virus  of 
high  virulence  for  the  bovine.  The  specimen  shows  a 
non-vascular,  caseous  tubercle,  surrounded  by  a  well- 
marked  fibrous  zone  and  containing  very  few  bacilli. 
This  example  illustrates  the  same  point  as  the  last, 
the  only  difference  being  that  the  bacilli  are  of 
human  origin. 

Calf  554.— Killed  87  days  after  subcutaneous  in- 
oculation with  50  mg.  of  a  porcine  virus  (P.  xiv)  of 
moderately  high  virulence  for  the  bovine.  Bacilli  are 
scanty  and  are  confined  to  semi-caseous  areas  which 
contain  many  giant  cells  and  show  a  formation  of 
fibroblasts  at  their  periphery.  This  specimen  illustrates 
the  resistance  oflrered  by  the  spleen  to  porcine  bacilli 
which  in  several  experiments  have  produced  fatal 
infection  in  the  bovine  within  90  days. 

Calf  361. — Killed  76  days  after  intravenous  inocu- 
lation with  an  emulsion  of  tissue  estimated  to  contain 
41J  million  bacilli  derived  from  a  human  virus  of  low 
virulence  for  the  bovine.  The  spleen  contains  large 
caseous  tubercles,  containing  numerous  giant  cells  and 
bounded  by  fibroblasts.  Bacilli  are  scanty  and  are 
only  found  in  the  interior,  non-vascular  parts  of  the 
tubercles.  This  is  a  good  example  of  the  restriction 
of  bacilli  within  typical  tubercles  of  the  chronic  type  ; 
it  will  be  noted  that  the  bacilli  were  of  human  origin 
and  proved  to  be  of  low  virulence  for  the  bovine 
when  injected  subcutaneously. 

Calf  508. — Killed,  when  moribund,  73  days  after 
subcutaneous  inoculation  with  50  mg.  of  an  equine 
virus.  The  lungs  of  the  animal  were  very  severely 
affected.  In  the  spleen  there  are  many  small,  caseous 
or  partially  caseous  foci  ;  the  older  tubercles  are 
partially  surrounded  with  fibroblasts  and  contain 
fairly  numerous  bacilli ;  the  earlier  tubercles  contain 
many  giant  cells,  iCss  fibrous  tissue,  and  fewer  bacilli  ; 
bacilli  have  not  been  found  outside  definitely 
tubercular  foci.  The  lesions  appear  to  be  progressive 
rather  than  retrogressive,  but  there  is  a  definite  effort 
on  the  paiit  of  the  tissue  to  limit  the  dissemination  of 
bacilli. 

Calf  947. — Died  72  days  after  subcutaneous  inocu- 
lation of  10  mg.  of  human  bacilli  possessing  high 
virulence  for  the  bovine.  The  spleen  contains  large 
caseous  areas  which  are  evidently  spreading  in  all 
directions.  Bacilli  are  rather  scanty  and  are  confined 
to  the  caseous  areas.  This  is  an  example  of  the 
slowly  progressive  type  of  lesion. 

Calf  319. — Killed,  when  moribund,  57  days  after 
intravenous  inoculation  with  an  emulsion  of  tissue 
containing  over  100  million  bacilli  belonging  to  a 
human  virus  of  relatively  low  virulence  for  the 
bovine.  Bacilli  are  freely  distributed  all  ov)r  the 
tissue,  which  for  the  most  part  appears  normal  ;  but  in 
some  places,  where  they  are  particularly  numerous, 
they  have  produced  small  caseous  foci.  The  bacilli 
are  f  r'eely  gaining  access  to  the  blood-stream,  and  the 


evidence  of  restriction  to  their  dissemination  is  only 
slight.  As  the  bacilli  have  produced  relatively  little 
tissue  change,  in  proportion  to  their  numbers,  this  is 
an  instance  where  feeble  resistance  to  dissemination 
must  be  associated  with  the  apparent  (i.e.  excluding 
the  possible  effect  of  soluble  toxins)  indifference  or 
tolerance  exhibited  by  the  tissue  towards  the  bacilli. 

Calf  212. — Died  25  days  after  subcutaneous  inocula- 
tion with  50  mg.  of  a  bovine  virus.  The  spleen  is 
riddled  with  large,  ramifying,  caseous  areas  which  are 
evidently  spreading  and  show  no  signs  of  a  demarca- 
tion zone.  Bacilli  are  very  numerous  in  these  areas 
and  are  also  found  in  the  adjacent  tissue.  Except  in 
so  far  as  they  are  entangled  within  caseous  material, 
the  bacilli  can  readily  gain  access  to  the  blood  stream. 
This  is  a  typical  example  of  the  condition  of  the 
spleen  after  subcutaneous  inoculation  with  a  large 
dose  of  a  virulent  bovine  virus. 

Calf  538. — Died  30  days  after  subcutaneous  inocula- 
tion with  50  mg.  of  an  equine  virus  of  high  virulence 
for  the  bovine.  The  spleen  is  similar  to  that  of 
Calf  212. 

Calf  1267. — Killed,  when  moribund,  56  days  after 
subcutaneous  inoculation  with  50  mg.  of  a  human 
virus  possessing  high  virulence  for  the  bovine.  The 
lesions  are  of  the  same  character  as  those  found  in 
the  two  preceding  animals,  the  only  difference  being 
that,  corresponding  with  the  longer  duration  of  life, 
the  caseous  areas  are  more  extensive  and  contain 
larger  masses  of  bacilli. 

Aiiihropoich  and  ilonheys. 

In  the  anthropoid  ape  and  monkey  the  spleen  is 
generally  affected  very  severely  ;  there  are  extensive 
areas  of  caseation,  and  bacilli  are  freely  distributed 
both  in  the  necrotic  material  and  in  regions  which 
have  not  undergone  degenerative  change  but  allow 
free  access  to  the  blood  channels.  In  a  smaller 
number  of  instances  the  resistance  offered  by  this 
organ  appears  to  have  been  rather  greater.  The 
following  are  examples  of  the  various  types  of  lesions 
met  with  : — 

Baboon  72. — Died  144  days  after  subcutaneous 
inoculation  with  1  mg.  of  an  equine  virus  of  re- 
latively low  virulence.  In  the  spleen,  which  appears 
to  be  the  organ  most  severely  affected,  there  are  many 
large  tubercles,  These  are  extensively  caseous,  are 
surrounded  by  fibroblasts,  and  contain  giant  cells  at 
their  periphery.  No  tubercle  bacilli  have  been  found. 
In  this  case  the  spleen  appears  to  have  been  successfiil 
in  preventing  the  further  dissemination  of  the  bacilli 
which  have  arrived  there. 

Baboon  2. — Killed,  when  very  ill,  96  days  after 
feeding  with  1  million  bacilli  of  bovine  origin.  There 
are  some  patches  of  slight  caseation  which  contain  a 
few  giant  cells  and  are  infiltrated  with  leucocytes. 
Only  one  tubercle  bacillus  has  been  found  ;  it  is 
situated  in  one  of  the  caseous  areas.  This  case  may 
be  compared  with  the  previous  one  ;  the  lesions  are 
less  advanced,  probably  owing  to  the  arrival  of  fewer 
bacilli  in  the  organ. 

Monhey  67. — Killed  199  days  after  subcutaneous 
inoculation  with '01  mg.  of  a  human  culture  possessing 
low  virulence  for  the  bovine.  The  spleen  contains 
large  caseous  areas  of  a  chronic  type,  though  not 
definitely  retrogressive.  Bacilli  are  confined  to  these 
situations  and  are  scanty. 

Mo7ikey  71. — Killed  190  days  after  subcutaneous 
inoculation  with  1  mg.  of  the  same  virus  as  Monkey  67. 
The  condition  of  the  spleen  is  identical  with  that  of 
Monkey  67. 

Monkey  62. — Killed  72  days  after  the  commence- 
ment of  a  feeding  experiment  (feeding  for  65  days 
with  tuberculous  milk  of  a  cow  infected  with  bovine 
bacilli).  The  spleen  is  in  very  much  the  same  con- 
dition as  with  Monkeys  67  and  71,  but  perhaps  the 
bacilli  are  not  quite  so  scanty  ;  they  are  all  confined 
to  caseous,  non-vascular  areas. 

Chimpanzee  24. — Died  107  days  after  subcutaneous 
inoculation  with  a  very  small  dose  (estimated  as 
equivalent  to  -00001  mg.)  of  bovine  bacilli.  The 
spleen  contains  large  discrete  tubercles  which  are 
caseous  throughout  but  are  not  separated  from  the 
surrounding  tissue  by  any  demarcation  area.  The 
lesions  do  not  contain  many  bacilli.    A  few  bacilli,, 
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possibly  recent  arrivals,  have  been  found  in  parts  of 
the  tissue  which  are  histologically  normal. 

ChimjMiizee  5.— Died  77  days  after  feeding  with 
1  mg.  of  a  human  virus  possessing  low  virulence  for 
the  bovine.  The  spleen  is  permeated  with  irregular, 
slightly  caseous  areas,  and  contains  a  great  many 
giant  cells.  Bacilli,  though  found  in  all  the  lesions 
without  difficulty,  are  not  numerous.  Most  of  the 
giant  cells  contain  a  bacillus. 

Chimpanzee  i.— Died  50  days  after  subcutaneous 
inoculation  with  1  mg.  of  the  virus  used  for 
Chimpanzee  3.  The  spleen  contains  many  large 
areas  of  advanced  caseation.  A  few  giant  cells  are 
present.  Tubercle  bacilli  are  moderately  numerous 
in  the  caseous  areas,  and  also  occur  in  other  parts  of 
the  tissue,  apart  from  histological  tubercles. 

Lemur  iS.— Died  76  days  after  feeding  with  1  mg. 
of  an  equine  virus  possessing  relatively  low  virulence 
for  the  bovine.    The  spleen  contains  many  caseous 


areas  which  are  not  circumscribed.  In  some  of  these 
situations  bacilli  are  numerous  ;  a  few  bacilli  have 
also  been  found  amongst  apparently  normal  tissue. 

Lemur  14. — Died  28  days  after  subcutaneous  inocu- 
lation with  1  mg.  of  an  equine  virus  possassiug  high 
virulence  for  the  bovine.  The  spleen  is  swarming 
with  bacilli  and  is  in  an  early  stage  of  diffuse  necrotic 
change. 

Monkey  1. — Killed,  when  moribund,  52  days  after 
subcutaneous  inoculation  with  a  tissue  emulsion 
containing  bacilli  derived  from  human  sputum. 
Throughout  the  spleen,  which  is  in  an  advanced  stage 
of  caseation,  bacilli  are  disseminated  in  extremely 
large  numbers. 

Monkey  2. — Died  41  days  after  subcutaneous  inocu- 
lation with  a  tissue  emulsion  containing  bacilli  derived 
from  a  bovine  virus.  The  spleen  is  in  the  same 
condition  as  that  of  Monkey  1. 


IV.— In  the  Bone  Marrow. 


It  has  been  shown  by  Drs.  Cobbett  and  Griffith 
that  the  bone  marrow  is  very  frequently  infected, 
and  that  bacilli  may  be  found  in  this  tissue  at  a 
very  early  date,  even  after  subcutaneous  inoculation. 
Thus  Dr.  Cobbett  produced  general  tuberculosis  in  a 
guinea-pig  inoculated  with  the  rib  marrow  of  a  calf 
killed  three  days  after  subcutaneous  inoculation  of 
50  mg.  of  human  bacilli  possessing  low  virulence  for 
the  bovine  ;  Drs.  A.  S.  and  F.  Griffith  obtained  a 
culture  from  the  marrow  of  a  calf  killed  24  hours 
after  subcutaneous  inoculation  with  50mg.  of  bovine 
bacilli ;  and  they  also  obtained  a  culturfi  from  the 
marrow  of  a  monkey  killed  24  hours  after  subcu- 
taneous inoculation  with  20  mg.  of  bovine  bacilli. 
When  investigating  a  series  of  rabbits  killed  at  short 


intervals  after  intravenous  inoculation  with  virulent 
cultures,  I  made  smears  from  the  bone  marrow  and 
found  that  after  the  fifth  day  there  was  a  rapid 
and  steadily  progressive  increase  in  the  number  of 
bacilli  found  in  this  situation.  In  another  case  (a 
rabbit  which  died  23  days  after  intravenous  injection 
with  -1  mg.  of  highly  virulent  human  bacilli)  I  esam- 
iaed  sections  of  the  marrow  removed  from  a  femur 
and  found  that  badlli  were  abundant  and  had 
produced  early  caseous  lesions. 

These  examples  serve  to  illustrate  the  fact  that  the 
bone  mirrow  is  one  of  the  situations  where  tubercle 
bacilli  may  accumulate,  though,  owing  to  the  loose 
structure  of  this  tissue,  they  have  ready  opiiortunities 
to  escape. 


v.— In  the  Blood  and  Lymph  Channels. 


Early  Stages. 

Ohstruction  of  the  Lumen. — Assuming  the  blood  and 
lymph  channels  to  be  perfectly  nornial  to  begin  with, 
the  first  possibility  to  be  considered  is  that  some 
obstruction  in  the  lumen  may  arise  from  particles  of 
the  material  inoculated.  It  is  probable  that  experi- 
mental inoculations  are  very  frequently  attended  by 
obstructions  of  this  nature.  No  special  interest 
attaches  to  the  embolisms,  leading  to  sudden  death, 
which  result  from  intravenous  inoculations  with 
material  in  an  imperfectly  divided  state.  But  apart 
from  such  accidents  it  commonly  occurs,  with  success- 
ful inoculations,  particularly  intravenous  inoculations, 
that  small  clumps  of  bacilli  become  jammed  in  the 
capillaries  and  give  rise  to  minute,  petechial  haemor- 
rhages. This  is  a  very  noticeable  feature  in  the  lungs 
of  rabbits  killed  24  hours  after  intravenous  inocula- 
tion with  a  email  dose  of  carefully  emulsified  bicilli. 
And  in  examining  the  local  lesions  of  calves  subcu- 
taneously  inoculated,  one  occasionally  finds  within 
lymph  channels  or  dilated  blood  capillaries,  clumps  of 
bacilli,  which  though  not  very  large,  seem  quite  large 
enough  to  become  arrested  when  they  find  their  way 
into  the  normal  capillaries  of  distant  organs. 

Adhesion  to  the  Endothelium.— Th\^  is  by  far  the 
most  important  way  in  which  the  dissemination  of 
tubercle  bacilli  is  retarded.  It  is  a  special  charac- 
teristic of  the  tubercle  bacillus  that  it  is  a  sticky 
organism,  and  its  propensity  for  sticking  to  the 
endothelial  walls  of  the  channel  in  which  it  happens 
to  ba  circulating  is  of  the  highest  significance  in 
studying  the  development  of  the  disease.  It  is  this 
propensity  of  the  bacillus,  constantly  manifested  in 
whatever  part  of  the  body  it  happens  to  be  present, 
which  gives  the  key  to  the  histogenesis  of  the 
tubercle. 

Examples  showing  the  earliest  stage  of  this  process, 
viz.,  the  arrest  of  tubercle  bacilli  by  the  cells  of  the 
endothelial  wall  prior  to  the  development  of  further 
changes,  can  be  found  most  readily  by  examining 
animals  killed  a  short  time  after  inoculation.  Thus  I 
have  found  numerous  examples  in  the  lungs  and 
livers  of  rabbits  killed  24  hours  after  intravenous 
inoculation  with  1  mg.  of  bacilli,  and  in  similar 
experiments  with  animals  killed  at  later  stages    It  is 


also  interesting  to  follow  the  course  of  the  bacilli 
after  subcutaneous  inoculation.  In  the  local  lesions 
of  calves  killed  at  a  short  date  (1  to  14  days)  after 
subcutnneous  inoculation,  bacilli  are  to  be  found  in 
the  endothelial  lining  of  lymph  channels  and  blood- 
capillaries,  but  here  the  majority  of  bacilli  are  passing 
into  the  endothelial  wall  froLU  outside.  In  some 
places,  however,  situated  at  a  little  distance  from  the 
mass  of  bacilli,  capillary  channels  can  be  found  with 
no  bacilli  outsiJe  them  but  containing  one  or  more 
bacilli  definitely  attached  to  the  inner  aspect  of  endo- 
thelial cells  ;  in  these  instances  the  bacilli  must  first 
have  been  conveyed  by  the  blood  or  lymph  stream  and 
then  been  arrested  before  they  could  make  good  their 
escape  beyond  the  origin  of  the  local  lesion.  In  the 
same  series  of  animals  bacilli  can  be  found  which  have 
been  carried  by  the  blood  stream  into  the  lungs  or 
liver  and  have  there  become  attached  to  the  endo- 
thelial cells  of  capillaries  or  veins.  But  arrest  by  the 
endothelial  cell  is  quickly  followed  by  other  changes, 
and  therefore  after  the  first  few  days,  in  mild  infections, 
it  is  only  occasionally  and  accidentally  that  a  histological 
section  happens  to  pass  through  a  portion  of  the  endo- 
thelial wall  which  has  just  received  a  new  arrival.  Fresh 
deposits  of  bacilli  within  the  endothelial  cells  of 
vessels  also  occur  iu  the  terminal  stages  of  a  fatal 
infection.  They  are  to  be  found  iu  calves  fatally 
infected  by  subcutaneous  inoculation,  though  in  these 
cases  the  intravascular  circulation  of  bacilli  is  rarely 
abundant,  even  when  the  tissues  contain  very  large 
numbers  of  bacilli  ;  and  out  of  a  large  number  of 
acute  lesions  which  I  have  examined  only  a  small 
proportion  of  my  sections  show  bacilli  within  the 
endothelium  or  lumen  of  vessels.  In  the  case  of 
calves  where  there  has  been  an  enormous  multiplica- 
tion of  bacilli  after  intravenous  inoculation  the 
occurrence  of  bacilli  in  these  situations  is  naturally 
much  more  frequent.  With  more  susceptible  animals, 
such  as  the  chimpanzee  and  monkey,  intravascular 
bacilli  are  often  abundant,  even  after  subcutaneous 
inoculation,  in  the  terminal  stages,  and  recent  arrivals 
within  endothelial  cells  are  frequently  found. 

Later  Stages. 

Ohstruction  of  the  Lumen. — Obstruction  of  the  lumen 
may  arise — {a)  in  previously  normal  vessels,  from  the 
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sudden  arrival  of  a  mass  of  bacilli  or  from  the  arrival 
of  cellular  or  caseous  material  swept  into  the  circula- 
tion from  breaking  down  foci,  or  (b)  by  progressive 
tubercular  changes  of  the  vessels  themselves.  From 
whatever  cause  the  obstruction  arises,  bacilli  are  apt 
to  accumulate  on  the  side  which  meets  the  flow  of  the 
blood-stream.  Examples  of  obstructed  lumen  occa- 
sionally occur  in  the  kidney,  where  a  capillary  branch 
within  a  glomerulus  may  become  blocked  by  a  plug  of 
bacilli.  In  such  cases  the  glomerulus  becomes  the 
starting  point  for  a  tubercular  focus,  whereas  in  the 
absence  of  any  gross  obstruction  I  have  rarely  found 
bacilli  detained  within  glomeruli  in  early  cases  ;  the 
earliest  invasions  of  bacilli  are  usually  found  in  the 
interstitial  tissue  between  the  tubules.  Instances  of 
the  cumulative  effect  resulting  from  an  obstructed 
vessel  are  sometimes  seen  in  rabbits  inoculated  with 
dead  bacilli.  In  the  lungs  of  one  of  these  animals 
(Rabbit  488)  some  of  the  alveoli  contain  groups  of 
bacilli  which  are  far  too  large  to  have  passed  through 
the  capillaries  and  can  only  be  accounted  for  by 
supposing  that  they  have  accumulated  round  a  small 
initial  obstruction. 

Retention  by  the  Endothelial  Wall. — Very  soon  after 
a  bacillus  has  become  attached  to  an  endothelial  cell 
one  of  two  things  usually  happens  ;  either  the  cell 
breaks  loose  and  is  carried  along  in  the  circulation 
together  with  the  contained  bacillus,  or  tissue  changes 
take  place  in  immediate  proximity  to  the  endothelial 
cell  and  tend  to  circumscribe  the  bacillus  in  situ. 
These  changes  in  situ  may  occur  either  on  the  internal 
or  on  the  external  side  of  the  endothelium  ;  or  prob- 
ably it  is  more  correct  to  say  that  some  changes  always 
occur  on  both  sides.  The  point  to  which  I  wish  to 
direct  attention  now  is  that  as  the  changes  progress 
the  reactive  mechanism  forms  a  cell  barrier  which 
either  (1)  projects  internally  into  the  lumen  or  (2) 
extends  externally  towards  the  surrounding  tissue. 

(1)  In  the  former  case  we  have  the  formation  of  a 
tubercle  on  the  inner  aspect  of  the  vessel  wall.  This 
is  much  the  rarer  event  of  the  two,  because  the 
bacilli  tend  to  grow  away  from  the  blood-stream, 
which  is  an  unfavourable  medium,  and  hence  the 
barrier  to  their  progress  is  usually  produced  on  the 
external  side.  Consequently,  intravascular  tubercles 
are  not  often  met  with  except  in  advanced  infection, 
accompanied  by  a  marked  lowering  of  the  animal's 
resisting  powers.  The  following  are  examples  of 
intravascular  tubercle  formation. 

Rabbit  30. — Killed  15  days  after  intravenous  inocu- 
lation with  1  mg.  of  bovine  bacilli.  In  the  wall  of 
an  artery  present  in  the  lungs  there  is  a  small  bulging 
of  the  endothelial  wall,  about  three  cells  in  thickness. 
This  projection  consists  of  cells  of  endothelial  type 
and  contains  several  bacilli.  The  tissue  of  the  artery 
external  to  the  endothelial  layer  is  unbroken  and 
contains  no  bacilli. 

Chimpanzee  14. — Died  63  days  after  feeding  with 
1  mg.  of  bovine  culture.  In  the  lungs  of  this  animal 
there  are  several  tubercles  within  vessels,  the  outer 
walls  of  which  are  normal.  One  of  the  tubercles  is 
extensively  caseous  and  contains  numerous  bacilli  ;  in 
another  place  there  is  a  tubercle  in  a  very  early  s1;age 
of  formation,  consisting  of  no  more  than  a  heaping 
up  of  a  few  endothelial  cells,  amongst  which  a  few 
bacilli  are  entangled  ;  bacilli  are  also  found  in  some 
situations  within  the  endothelial  cells  of  small  arteries, 
but  have  not  led  to  tubercle  formation. 

Monheii  2. — Died  41  days  after  subcutaneous  inocu- 
lation with  a  tissue  emulsion  containing  bovine  bacilli. 
In  the  lungs  of  this  animal  bacilli  frequently  occur 
within  the  endothelial  cells  of  blood-vessels.  The 
cells  containing  bacilli  are  generally  swollen  and  pro- 
ject into  the  lumen  but  seem  more  likely  to  become 
detached  and  be  carried  into  the  circulation  than  to 
develop  into  tubercles.  In  the  liver  of  the  same 
animal  the  same  condition  is  observable  and  sometimes 
a  small  group  of  endothelial  cells,  containing  bacilli, 
is  found  projecting  into  the  lumen  but  still  in  con- 
tinuity with  the  endothelial  wall. 

Monkey  59. — Killed  79  days  after  feeding  with 
10  mg.  of  culture  from  a  human  virus  of  high 
virulence  for  the  bovine.  Several  tubercles  are 
present  in  the  vessels  of  the  lungs  ;  one  projects  half 
way  across  the  lumen  and  contains  several  bacilli  ; 
another,  rather  smaller,  is  caseous  in  the  centre  and 
contains  many  bacilli  ;  and  in  a  third,  still  smaller 


and  of  more  recent  formation,  only  one  bacillus  has 
been  found. 

Monkey  65. — Died  80  days  after  feeding  with 
5  million  bacilli  contained  in  the  milk  of  a  cow 
infected  with  a  highly  virulent  human  virus.  The 
lungs  show  bacilli  (1)  within  the  endothelial  cells  of 
small  arteries  and  (2)  within  small  projecting  tubercles 
developed  from  the  endothelial  lining  of  the  arterial 
wall. 

Pig  94. — Killed  61  days  after  subcutaneous  inocu- 
lation with  1  mg.  of  bovine  bacilli.  In  some  of  the 
veins  of  the  liver  tubercles  have  been  found  project- 
ing half  way  across  the  lumen  ;  they  are  partially 
caseous  and  contain  several  bacilli. 

Calf  121. — Killed,  when  ill,  36  days  after  subcu- 
taneous inoculation  with  an  emulsion  of  human 
tissue  estimated  to  contain  over  360  million  bacilli. 
Attached  to  a  chorda  tendinea  of  the  right  ventricle 
of  the  heart  there  is  a  small,  completely  circumscribed 
tubercle  in  which  several  bacilli  are  present. 

Calf  244. — Killed,  when  moribund,  19  days  after 
intramuscular  inoculation  with  46  mg.  of  bovine 
bacilli.  Attached  to  a  chorda  tendinea  of  the  right 
ventricle  of  the  heart  there  is  a  tubercle  similar  to 
that  found  in  Calf  121. 

Calf  399. — Killed,  when  moribund,  34  days  after 
intravenous  inoculation  with  an  emulsion  of  tissue 
estimated  to  contain  over  700  million  bacilli  derived 
from  a  human  virus  of  low  virulence  for  the  bovine 
when  inoculated  subcutaneously.  Projecting  on  a 
valve  of  the  right  auricle  of  the  heart  there  is  a 
small  tubercle,  about  the  area  of  the  microscopic 
field  (low  power).  The  tubercle  is  completely  circum- 
scribed by  a  layer  of  flatteued  endothelial  cells  ;  its 
interior  contains  a  large  number  of  lymphocytes  and 
shows  some  patches  of  commencing  caseation  ;  bacilli 
are  present  in  moderate  numbers. 

(2)  In  the  ordinary  sequence  of  events,  bacilli 
which  have  been  arrested  by  an  endothelial  cell 
endeavour  to  escape  by  multiplying  in  a  direction 
away  from  the  blood-stream,  and  hence  lead  to  the 
formation  of  lesions,  gradually  developing  into 
definite  tubercles,  which  have  their  base  on  the  endo- 
thelial wall  and  project  into  the  surrounding  tissue. 
This  process  is  observable  at  the  commencement  of 
tubercle  formation  in  all  parts  of  the  body.  As  the 
subject  will  be  dealt  with  in  later  sections,  when  I 
consider  the  development  of  the  tubercle,  detailed 
examples  illustrating  the  cellular  changes  which  take 
place  need  not  be  given  here.  The  main  fact  now 
requiring  emphasis  is  that  when  tubercle  bacilli  have 
escaped  as  far  as  the  external  side  of  an  endothelial 
wall  they  have  by  no  means  gained  their  freedom  ;  on 
the  contrary,  they  are  at  once  confronted  by  a  barrier 
formed  by  the  accession  of  fresh  cells,  due  partly  to 
the  increase  of  the  fixed  tissue  elements  and  partly  to 
the  arrival  of  wandering  cells.  As  a  few  special 
instances  illustrating  the  arrest  of  the  tubercle  bacillus 
on  the  external  aspect  of  an  endothelial  wall,  the 
following  examples  from  the  endocardium  may  be 
quoted. 

Calf  361. — Killed  76  days  after  intravenous  inocu- 
lation with  an  emulsion  of  tissue,  estimated  to  contain 
41i  million  bacilli,  derived  from  a  human  virus  of  low 
virulence  for  the  bovine  when  subcutaneously  inocu- 
lated. On  the  endothelial  aspect  of  the  right  auricle 
there  is  a  small  focus,  about  the  area  of  the  micro- 
scopic field  (low  power).  A  small  portion  of  this 
focus  projects  as  a  flattened  convexity  outside  the 
level  of  the  cardiac  endothelium  ;  the  rest,  nearly 
circular  in  outline,  is  immediately  below  the  level  of 
the  endothelium  and  has  caused  a  displacement  of  the 
cardiac  muscle.  The  focus  is  a  typical  tubercle  of  the 
chronic  type,  containing  giant  cells  and  scanty  numbers 
of  bacilli. 

Calf  967. — Killed,  when  moribund,  48  days  after 
subcutaneous  inoculation  with  10  mg.  of  a  human 
virus  possessing  high  virulence  for  the  bovine.  In 
the  left  ventricle  there  is  a  caseous  tubercle  bordering 
upon,  and  sHghtly  projecting  beyond  the  level  of,  the 
endothelium  but  imbedded  for  the  greater  part  in  the 
muscular  tissue.  Bacilli  are  present  within  the  tubercle 
but  are  scanty.  The  tubercle  is  too  far  advanced  ta 
form  an  opinion  with  certainty  as  to  the  precise  site 
of  the  primary  focus  ;  the  case  is  quoted  here  because 
it  appears  probable  that  the  lesion  has  been  caused  by 
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bacilli  enfleavouring  to  pass  mwards  from  the  endo- 
thelial wall.  This  opinion  is  supported  by  the  fact 
that  no  other  lesions  have  been  found,  either  micro- 
scopically or  at  the  post-mortem,  in  the  substance  of 
the  cardiac  muscle. 

CVi/'325.— Killed,  when  apparently  in  good  health, 
90  days  after  subcutaneous  inoculation  with  50  mg.  of 
a  porcine  virus  found  in  other  experiments  to  be  of 
relatively  low  virulence  for  the  bovine.  Immediately 
beneath  the  endocardium  of  the  right  ventricle  there 
is  a  narrow  tract  of  infiltration,  with  cells  which  are 


chiefly  lymphocytes,  extending  for  some  distance 
under  the  endothelial  layer  but  only  penetrating  a 
slight  distance  into  the  muscle.  The  lesion  contains  a 
few  tubercle  bacilli  and  is  evidently  a  tubercle  of  the 
retrogressive,  "  small-celled  "  type. 

Calf  399. — A  tubercle  on  an  auricular  valve  of  this 
animal  has  been  mentioned  above.  In  the  auricle 
itself,  a  small  tubercle,  containing  moderately  numerous 
bacilli,  has  been  found  immediately  beneath  the  endo- 
thelium and  passing  into  the  muscle  substance. 


VI.— In  the  tissues  external  to  lymph  or  blood  channels. 


Eakly  Stakes. 

When  sections  of  organs  containing  early  lesions 
are  examined  with  a  view  to  observing  the  way  in 
which  the  progress  of  the  tubercle  bacillus  is  arrested 
by  cells  other  than  those  of  the  endothelial  channels 
by  which  it  has  travelled,  it  is  found  that  there  is  an 
intermediate  stage,  the  details  of  which  are  difficult 
to  make  out,  between  (1)  the  first  stage,  where  deten- 
tion of  the  bacilli  is  effected  entirely  or  mainly  by  the 
cells  in  immediate  relationship  to  a  recognisable  endo- 
thelial wall  and  (3)  the  later  stage,  where  the  channel 
by  which  the  bacilli  have  arrived  is  no  longer  recog- 
nisable and  the  organisms  are  present  within  the 
tissues,  surrounded  by  an  arrangement  of  cells  possess- 
ing the  characters  of  an  early  tubercle.  In  this  inter- 
mediate stage  (2),  endothelial  cells  are  recognisable  in 
association  with  the  bacilli,  but  they  are  swollen  and 
more  or  less  distorted  from  their  normal  appearance  ; 
other  cells  are  also  present  and  appear  equally  con- 
cerned in  the  process  of  arresting  the  bacilli,  e.g. 
parenchymatous  cells,  which  generally  exhibit  some 
degenerative  change  of  their  protoplasm,  connective 
tissue  cells,  leucocytes,  lymphocytes,  and  large  multi- 
nuclear  cells,  which  are  sometimes  situated  in  the 
midst  of  breaking  down  parenchymatous  cells.  In 
short,  the  general  characteristic  of  these  intermediate 
foci  is  confusion.  Their  significance  is  threefold. 
They  illustrate  (a)  the  continued  importance  of  the 
endothelial  cell  in  this  intermediate  stage  which  is 
preparatory  to  the  formation  of  a  tubercle,  (b)  the 
fact  that  all  the  cells  which  form  the  environment  of 
the  bacilli  are  confused  or  disorganised,  and  (c)  the 
fact  that  all  the  cells  present  help,  in  one  way  or 
another,  to  prevent  the  dissemination  of  the  bacilli, 
e.g.  by  phagocytosis,  by  disintegration,  or  by  simply 
collecting  as  a  barrier  between  the  bacilli  and  the 
normal  tissue.  A  special  word  may  be  said  about 
(&)  the  element  of  confusion.  In  this  intermediate 
stage  the  efforts  of  the  tissue  to  localise  the  bacilli  are 
not  systematic  ;  there  is  no  concerted  action  first  of 
one  paiticular  type  of  cell,  and  then  of  another,  then 
the  metamorphosis  of  one  type  of  cell  into  something 
quite  different,  the  disappearance  or  disintegration  of 
another  type,  and  so  forth  ;  on  the  contrary,  at  this 
stage  of  the  process  all  the  cells  engaged  are  supremely 
indifferent  to  any  and  every  theory  of  tubercle  forma- 
tion ;  their  disposition  and  their  relationship  to  the 
bacilli  are  simply  expressive  of  disorganisation. 

In  the  lungs  there  is  a  serous  exudation  from  the 
capillaries,  causing  a  thickening  of  the  alveolar  walls 
and  a  swelling  up  of  the  cells  of  the  alveolar  epi- 
thelium ;  the  endothelial  cells  are  enlarged,  increased 
in  number,  irregularly  placed,  and  severed  from  their 
normal  relations  to  a  capillary  channel  ;  oxyphil 
leucocytes  are  present,  but  in  some  animals,  such  as 
the  calf,  are  distributed  irregularly  and  do  not 
appear  to  be  very  actively  engaged  in  phagocytosis, 
whilst  in  other  animals,  such  as  the  pig,  they  have 
converged  upon  the  bacilli  in  large  numbers  even  at 
this  early  stage  and  are  actively  phagocytic  ;  small 
lymphocytes  are  also  present,  but  many  of  them 
appear  to  be  wandering  aimlessly  about,  unaware  that 
their  existence  is  imperilled  by  close  proximity  to 
active  tubercle  bacilli.    This  is  the  confusion  of  cells 


amongst  which  the  bacilli  are  detained  when  they 
first  encounter  the  tissues  outside  the  endothelial 
wall  of  a  lung  capillary. 

In  the  liver  there  is  less  evidence  of  a  serous 
exudate  in  tha  intralobular  foci  ;  these  consist  of 
partially  disintegrated  liver  cells,  endothelial  cells, 
multinuclear  cells  or  cell-fusions,  and  generally  a  few 
lymphocytes  and  leucocytes,  the  general  picture 
indicating  reaction  to  an  irritant,  but  no  systematic 
process  of  repair.  When  the  bacilli  occur  in  the 
interlobular  connective  tissue  the  general  swelling  up 
of  the  fixed  tissue  cells  indicates  that  there  has  been 
a  considerable  amount  of  exudation,  and  the  wander- 
ing cells,  both  lymphocytes  and  leucocytes,  are 
attracted  to  the  foci  in  large  numbers,  the  lympho- 
cytes generally  being  in  the  majority,  except  in 
animals  where  the  leucocytes  are  particularly  active  ; 
but  the  bacilli,  with  the  exception  of  such  as  may  be 
contained  within  leucocytes,  are  generally  found 
entangled  amongst  cells  of  connective  tissue  or 
endothelial  type. 

In  the  kidneys  the  bacilli  are  generally  found 
between  the  renal  tubules  in  the  cortex  ;  they 
rarely  occur  within  the  glomeruli,  and  as  there  is  no 
evidence  that  they  are  excreted  in  the  glomeruli  and 
then  absorbed  by  the  renal  cells,  it  appears  probable 
that  they  reach  the  intertubular  tissue  by  way  of 
the  various  capillaries  emerging  from  the  glomeruli. 
The  fixed  and  wandering  cells  in  this  interstitial 
tissue  play  the  first  part  in  their  detention. 

Later  Stages. 

The  later  stages  of  the  process  vary  according  to 
the  severity  of  the  infection  induced.  In  situations 
where  the  bacilli  are  of  high  virulence  and  numerous, 
the  earlier  stage,  characterised  as  one  of  confusion, 
is  continued  into  one  of  progressive  and  diffuse 
necrotic  change  with  no  peripheral  demarcation  zone  ; 
the  cell  details  of  such  lesions,  before  the  necrosis  is 
too  advanced  to  obscure  them,  exhibit,  tiks  those  in 
the  earlier  stage,  an  entire  absence  of  system  or 
structure  and  a  complete  indifference  towards  any  of 
the  better  accredited  theories  of  tubercle  formation. 
Under  such  conditions  the  efforts  of  the  tissue  to 
restrain  the  advance  of  the  bacilli  are  obviously 
ineifective,  and  dissemination  progresses  both  by 
direct  extension  of  the  affected  areas  and  by  escape 
of  the  bacilli  into  the  circulatory  channels.  At  the 
other  extreme  of  the  scale  there  are  examples  of 
completely  successful  tissue  resistance,  where  the 
bacilli,  or  the  foci  which  previously  contained  bacilli, 
are  comprised  in  a  central  nucleus  of  caseo-calcareous 
materia],  completely  cut  off  from  the  circulation, 
and  surrounded  by  a  dense  fibrous  zone.  Inter- 
mediate between  these  extremes,  examples  are  con- 
stantly met  with  where  the  detention  of  the  bacilli  is 
of  a  more  or  less  temporary  character  ;  the  bacilli 
may  be  contained  within  epithelial  cells,  or  within 
endothelial  cells,  connective  tissue  cells,  or  leucocytes  ; 
they  may  be  surrounded  by  a  zone  of  wandering 
cells,  or  be  partially  cut  off  from  the  blood  and 
lymph  channels  by  a  more  or  less  effective  barrier  of 
fibroblasts. 
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C-THE  PROGRESSIVE  ESCAPE  OP  BACILLI. 

I.— By  Simple  Extension  of  Tubercular  Foci. 

When  a  diseased  focus  expands,  the  area  over  extended.  This  condition  requires  no  explanatory 
which  the  bacilli  are  distributed  is  concomitantly  discuss'on. 

II.— By  Increased  Vascularity. 


Unless  the  bacilli  are  situated  in  definitely  retro- 
gressive lesions  and  are  completely  cut  ofE  from  the 
blood-stream,  their  escape  may  be  facilitated  by  an 
increased  vascularity.  Blood  capillaries  are  very 
frequently  present  in  the  midst  of  breaking  down 
tissue  where  bacilli  occur,  and  their  walls  are  generally 
weakened  by  the  degenerative  process ;  when  dis- 
tended, these  walls  are  more  liable  to  give  way  than 
those  of  normal  capillaries  ;  and  thus  the  entrance  of 
bacilli  is  made  easier.  This  is  a  possible  danger  in 
the  treatment  of  tuberculosis  by  inducing  hyperaemia. 

The  following  examples  illustrate  various  points 
concerning  the  incidence  of  increased  vascularity  in 
tuberculosis. 

Effect  of  Tuberculin. 

Calf  135  was  killed  159  days  after  subcutaneous 
inoculation  on  the  left  side  of  the  neck  with  a  small 
dose,  estimated  at  about  13,000  bacilli,  of  a  human 
virus  possessing  low  virulence  for  the  bovine.  Tuber- 
culin was  inoculated,  19  hours  before  death,  on  the 
right  side  of  the  neck  and  produced  a  rise  of  tempera- 
ture amounting  to  2'4°  C.  In  the  right  prescapular 
gland  the  blood-vessels  are  greatly  dilated  and  the 
entire  gland  is  engorged  with  red  corpuscles.  These 
corpuscles  occur  all  over  the  gland,  filling  many  of  the 
lymph  sinuses  and  overflowing  into  the  lymphoid 
nodules,  the  engorgement  being  greatest  in  the 
medullary  part  of  the  gland.  The  gland  contains 
neither  tubercle  bacilli  nor  lesions  suggestive  of 
tuberculosis.  It  is  evident  that  if  any  bacilli  had 
been  present  their  opportunities  of  gaining  access 
to  the  circulation  would  have  been  greatly  increased 
by  the  hyperaemia  caused  by  the  tuberculin. 

Hyperaemia  of  Local  Lesions. 

After  bacilli  have  been  inoculated  subcutaneously 
there  is  always  a  local  increase  of  rascularity.  This, 
as  I  have  shown  in  the  case  of  calves,  persists  for  a 
variable  length  of  time,  dependent  upon  the  suscepti- 
bility of  the  animal  for  the  bacilli  introduced.  With 
bacilli  of  high  virulence  for  the  calf  the  hyperaemia  is 
maintained  for  a  considerable  period,  but  with  bacilli 
of  low  virulence  there  is  a  marked  diminution  of 
vascularity  during  the  second  week  after  inoculation, 
and  this  diminution,  as  found  by  examining  lesions 
removed  at  later  periods,  is  progressive.  It  is  obvious 
that  the  hyperaemia  at  the  site  of  inoculation  is  an 
important  factor  in  increasing  the  dissemination  of 
bacilli. 

Hyperaemia  of  Tubkecular  Lymphatic  Glands. 

Hyperaemia  may  be  induced  in  a  lymphatic  gland  by 
various  causes.  It  may  be  due  to  the  absorption  of 
irritant  material  derived  from  tubercle  bacilli,  as  is 
shown  in  the  effect  produced  by  tuberculin,  or  to  other 
irritant  matter  drained  from  a  caseating  focus,  or  to 
the  reception  of  various  ii-ritants  not  associated  with 
the  tubercle  bacillus.  When  tubercle  bacilli  are 
already  present  in  a  gland,  it  is  important  to  remember 
that  hyperaemia,  arising  from  any  of  these  causes, 
may  facilitate  their  dissemination,  or,  as  it  is  some- 
times termed,  "  light  up "  the  infection.  In  the 
tubercular  glands  which  I  have  examined,  vascular 
engagement  is  frequently  found.  But  it  is  worth 
noting  that  this  condition  is  by  no  means  either 
a  necessary  preliminary,  prior  to  the  reception  of 
tubercle  bacilli,  or  a  necessary  concomitant  of  early 
deposits  of  these  organisms.  Glands  removed  at 
short  periods  after  the  commencement  of  the  experi- 
ment often  fail  to  show  hyperaemia,  although  they 
contain  deposits  of  bacilli,  and  although  they  may 
contain  clear  evidence  of  pathological  changes  in  the 
neighbourhood  of  these  deposits.  Statements  are 
often  copied  from  one  text  book  into  another  to  the 
effect  that  in  tuberculosis  of  the  lymph  glands  we 
have  first  a  preliminary  stage  of  hyperaemia  ;  then, 
concomitantly  with  the  deposit  of  bacilli  and  the 


formation  of  tubercles,  a  diminution  of  vascularity  ; 
and  finally,  a  complete  obliteration  of  all  blood-vessels 
from  the  tubercular  foci.  My  experience  does  not 
add  support  to  general  statements  of  this  nature.  It 
is  true  that  hyperaemia  may  be  present  at  the  com- 
mencement of  infection,  but  it  is  also  true  that  it 
may  be  absent ;  and  although  advanced  tubercles  are 
frequently  non-vascular,  this  is  by  no  means  a  general 
rule  ;  on  the  contrary,  glands  presenting  advanced 
lesions  often  contain  patent  blood  capillaries  in 
intimate  contact  with  the  affected  areas,  and  these 
channels  are  not  infrequently  more  dilated  and  more 
engorged  with  blood  corpuscles  than  the  vessels  of  a 
normal  gland.  To  demonstrate  this  condition  it  is 
important  to  use  material  hardened  in  a  good  fixative 
for  blood  corpuscles  and  to  employ  paraffin  sections 
fixed  on  the  slide  or  coverslip  (in  order  to  prevent 
material  from  falling  out  of  the  section). 

From  an  examination  of  lymphatic  glands  removed 
at  various  stages  of  infection,  I  find  that  increased 
vascularity  may  occur  at  any  stage,  and  that  dilated 
capillaries  frequently  occur  in  positions  which  give 
tubercle  bacilli  the  opportunity  of  being  carried  away 
by  the  blood-stream. 

Hyperaemia  of  the  Lungs. 

In  all  stages  of  the  disease,  dilation  of  the  blood 
capillaries  is  very  commonly  found  in  association  with 
deposits  of  bacilli.  Animals  killed  at  short  periods 
after  subcutaneous  inoculation  afford  examples  of 
this  condition  ;  but  here  the  congestion  is  associated 
with  a  serous  exudation,  a  swelling  up  of  the  endo- 
thelium and  the  alveolar  epithelium,  and  in  general 
with  conditions  favouring  the  absorption  of  bacilli  by 
the  tissues  in  situ  rather  than  their  progressive  escape 
by  the  blood-stream.  At  a  late  stage  in  the  disease, 
for  example,  in  animals  fatally  infected  by  subcu- 
taneous inoculation  of  50  mg.  of  culture,  engorgement 
of  the  blood  capillaries  is  again  very  common,  and 
even  in  the  consolidated  areas  which  have  advanced  to 
caseation  the  vascularity  may  be  still  considerable. 
Under  these  circumstances,  as  bacilli  are  distributed 
throughout  the  tissue  in  large  numbers,  the  vascularity 
is  obviously  favourable  to  their  progressive  escape. 
And  in  animals  killed  after  intravenous  inoculation, 
vascular  engorgement  of  the  lungs  is  also  very 
common  and  is  frequently  present  in  a  high  degree. 

This  condition  of  the  lungs  is  not  confined  to  cases 
where  the  bacilli  were  originally  introduced  in  large 
or  overwhelming  doses.  It  is  found,  for  example,  in 
the  lungs  of  Calf  132,  which  died  from  acute  miliary 
tuberculosis  35  days  after  subcutaneous  inoculation, 
the  dose  in  this  case  being  only  one  million  bacilli. 

And  in  less  severe  types  of  the  disease,  where  the 
tubercles  are  discrete  and  vary  in  severity  from  the 
slowly  progressive  to  the  indolent  or  apparently 
retrogressive,  the  periphery  of  the  foci  is  often  highly 
vascular,  and  blood-vessels  are  sometimes  found  in 
'  their  interior.  In  these  cases  bacilli  may  sometimes 
be  found  in  proximity  to  the  vessels,  though  the  total 
number  of  bacilli  present  is  usually  much  less  than  in 
lesions  of  the  acute  type. 

Hyperaemia  of  Other  Organs. 

In  the  case  of  other  organs  where  tubercle  bacilli 
are  present,  hyperaemia  ought  to  be  mentioned  as  a 
possible  event  assisting  in  their  dissemination.  In 
the  liver  and  kidneys  this  phenomenon  is  much  less 
frequently  found  than  in  the  lungs  and  lymphatic 
glands.  Histologists  who  draw  a  distinction  between 
inflammatory  manifestations  associated  with  the 
presence  of  tubercle  bacilli  and  the  changes  directly 
concerned  in  the  evolution  of  the  tubercle  might 
express  this  difference  by  saying  that  lesions  in  the 
lungs  and  lymph  glands  are  more  frequently  associated 
with  changes  of  the  inflammatory  type.  For  my  own 
part  I  think  the  term  inflammation  is  too  vague  and 
comprehensive  to  form  the  basis  of  a  useful  distinction. 
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The  maia  fact  to  which  attention  is  now  called  is 
that,  largely  owing  to  the  more  compact  structure  of 
organs  such  as  the  liver  aud  kidneys,  lesions  in  these 
situations  are  not  usually  associated  with  a  zone  of 
loosely  arranged  and  easily  dilated  capillaries.  But  it 
is  true  of  tubercles  in  these  re2;ions,  as  it  is  true  of 
tubercles  in  most  parts  of  the  body,  that  both  in  early 
and  in  late  stages  vascular  channels  may  often  be 
present,  and  access  to  these  is  sometimes  gained  by 
the  bacilli. 

III.— By  Infection  < 

Cellular  proliferation,  with  the  formation  or 
attempted  formation  of  new  vascular  and  lymph 
channels,  is  a  constant  feature  of  early  lesions.  In 
some  cases,  where  the  bacilli  are  abundant  and  of  very 
high  virulence,  this  process  is  soon  arrested  and  gives 
way  to  necrotic  change  ;  and  in  other  cases,  where  the 
bacilli  are  scanty  and  of  low  virulence,  the  process  is 
replaced,  sooner  or  later,  by  fibroid  transformation. 
But  between  these  two  classes  of  extremes  there  is 
a  very  wide  margin,  comprising  a  large  variety  of 
tubercles  in  intermediate  stages,  where  the  tendency 
to  form  new  capillai'y  channels  is  maintained  and  is 
particularly  in  evidence  at  the  margin  of  the  lesions. 
This  feature  is  very  conspicuous  in  the  local  lesions 
of  animals  killed  a  few  days  after  subcutaneous  inocu- 
lation, and  also  at  the  periphery  of  the  lesions  at  later 
stages,  so  long  as  the  lesions  are  in  process  of  expan- 
sion. Similarly  with  tubercles  found  in  all  other 
situations  of  the  body,  where  expansion  is  going  on 
and  is  not  accompanied  by  rapidly  diffuse  necrotic 
change,  this  same  tendency  to  new  capillary  formation 
may  be  observed.  Into  these  new  channels  tubercle 
bacilli  may  find  their  way,  either  by  direst  inclusion 
when  the  channel  is  in  process  of  formation,  or  by 
drainage  from  areas  with  which  the  channels  are  con- 
nected. The  number  of  bacilli  which  actually  become 
disseminated  in  this  manner  naturally  depends  upon 
the  number  which  are  able  to  gain  access  to  these  new 
channels  and  upon  the  capacity  of  the  channels  for 
conducting  them.  In  local  lesions  where  a  large  mass 
of  bacilli  is  artificially  introduced,  and  where  the 
infl  iramatory  reaction  which  follows  is  accompanied 
by  the  abundant  production  of  well  formed  capillaries 
completely  linked  up  with  the  circulation,  these  chan- 
nels appear  to  be  responsible  for  the  conveyance  of  a 
large  number  of  bacilli.  But  in  ordinary,  small, 
spontaneously  formed  tubercles,  bacilli  as  a  rule, 
though  not  without  exceptions,  are  relatively  less 
abundant  in  the  cellular  zone  ;  they  are  also  particu- 
larly liable  to  absorption  by  the  swollen,  proliferating 
cells  which  are  forming  the  new  endothelium  ;  for 
these  reasons  the  escape  of  the  bacilli  by  way  of  newly 
formed  capillaries  is  not  without  difficulty.  In  histo- 
logical sections  bacilli  are  sometimes  found  either 
actually  within  such  channels  or  on  the  point  of 
entering  them,  but  the  chance  of  their  being  carried 
very  far  is  less  favourable  than  when  they  have  gained 
access  to  an  older  capillary,  with  smooth,  flattened 
walls  and  a  dilated  lumen.  At  the  same  time  there 
can  be  no  doubt  that  bacilli  actually  are  disseminated 
in  the  former  way. 

The  following  examples,  taken  from  various  experi- 
ments on  bovines,  illustrate  the  formation  of  new 
endothelial  channels  in  proliferating  foci  and  their 
relation  to  the  dissemination  of  bacilli.  The  tuber- 
cular new  growths  on  the  pleural  aspect  of  the  lung 
and  similar  formations  on  the  surface  of  the  liver  are 
of  particular  interest  because  they  are  separated  from 
the  parenchymatous  tissue  and  therefore  afford  a  good 
demonstration  of  the  facilities  for  the  conveyance  of 
bacilli  by  newly  formed  channels. 

He/fer  26.— Killed  115  days  after  intravenous  inocu- 
lation with  an  emulsion  of  tissue  containing  bovine 
bacilli  (probably  scanty  in  number).  The  lungs 
contain  definitely  circumscribed  and  completely 
isolated  tubercles,  centrally  caseous  and  surrounded 
by  a  fibrous  zone.  Except  in  their  centres,  the 
nodules  are  richly  supplied  with  blood-vessels.  On 
the  pleural  surface,  adjoining  one  of  the  tubercular 
nodules,  is  a  tufted  outgrowth,  consisting  of  a  widely 
open  and  irregularly  arranged  meshwork  of  delicate 
fibrils,  amongst  which  are  several  blood-vessels  and  a 
scanty  number  of  cells,  the  whole  beicg  bounded  by  a 
single  layer  of  pleural  epithelium.  This  case  illus- 
trates an  early  stage  of  these  vascular  outgrowths. 
Bacilli,  in  this  case,  are  scanty. 
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Hyperaemia  of  the  cow's  mammary  gland  is  of 
special  importance.  This  organ,  when  yielding  milk, 
is  subject  to  periodical  vascular  dilatation  ;  hence  it  is 
particularly  liable  to  receive  bacilli  carried  from 
distant  sources  ;  and  the  vascular  stream  has  excep- 
tionally favourable  opportunities  for  washing  out 
bacilli,  already  lodged  in  the  tissue,  in  the  direction 
of,  and  directly  into,  the  alveolar  tubules  and  the  milk 
ducts  and  sinuses. 


Proliferating  Foci. 

Cow  74. — Died  299  days  after  intramammary  inocu- 
lation with  an  emulsion  of  the  same  material  as 
Heifer  26.  The  inoculated  quarters  show  extensive 
tuberculosis,  with  very  large  numbers  of  bacilli.  In 
some  places,  particularly  near  the  nipple,  many  new 
capillary  channels  have  been  formed  :  and  the  tissue 
as  a  whole,  except  where  calcareous  or  completely 
caseous,  is  highly  vascular. 

Calf  89. — Killed,  when  very  ill,  23  days  after  intra- 
venous inoculation  with  a  tissue  emulsion  estimated 
to  contain  about  300,000  bacilli.  The  bacilli  were 
derived  from  a  virus  isolated  from  human  sputum. 
The  lungs  contain  numerous  consolidated  foci, 
irregular  in  outline  and  highly  vascular.  In  some 
places,  at  the  margins  of  a  tubercular  focus,  the  walls 
of  blood  capillaries  which  contain  red  corpuscles  are 
seen  to  be  proliferating,  and  in  more  or  less  complete 
continuity  with  these  are  iseeu  newly  formed,  empty 
capillary  channels.    Bacilli  are  very  numerous. 

Calf  93. — Died  73  days  after  intraperitoneal  inocu- 
lation with  a  tissue  emulsion,  estimated  to  contain 
about  600,000  bacilli,  from  the  same  material  as  that 
inoculated  into  Calf  89.  Projecting  from  the  surface 
of  the  lung  are  prominent  outgrowths  which  are 
found  microscopically  to  contain  a  dense  network  of 
fibrous  tissue,  and  to  be  partially  necrotic  iu  the 
centre.  The  interstices  of  the  fibrous  stroma  are, 
particularly  in  the  outer  portions  of  the  nodules, 
occupied  by  an  enormous  number  of  blood  channels 
engorged  with  red  corpuscles.  On  part  of  the  free 
surface  of  the  nodules  there  is,  external  to  the  fibrous 
structure,  an  outer  layer  of  loose  fibrillar  tissue 
containing  very  few  cells  and  consisting  mainly  of  a 
widely  meshed  stroma  which  stains  red  in  van  Gieson 
preparations.  In  this  stroma,  also,  engorged  blood- 
vessels are  numerous  and  very  conspicuous.  Bacilli 
are  very  abundant. 

Calf  105  and  Calf  114. — The  former  animal  was 
killed  when  moribund  47  days  after  subcutaneous 
inoculation  with  a  tissue  emulsion  containing  about 
48,000  bacilli  of  human  origin  ;  the  latter  was  killed 
161  days  after  subcutaneous  inoculation  with  a  tissue 
emulsion  containing  about  1,000  bovine  bacilli.  The 
livers  of  both  animals  exhibit  mushroom  growths 
which  project  from  the  capsule  and  are  practically 
identical  in  the  two  cases.  These  projections  are 
connected  with  the  liver  substance  by  a  laroad,  fibro- 
vascular  base ;  they  are  centrally  caseous,  contain 
giant  cells,  and  are  identical  in  general  characters  with 
ordinary  circumscribed  tubercles  found  in  other 
situations  ;  they  contain  numerous  bacilli. 

Calf  141. — Killed  53  days  after  subcutaneous  inocu- 
lation with  an  emulsion  of  tissue  containing  bacilli, 
estimated  at  250,000,  derived  from  a  virulent  human 
virus.  On  both  the  lungs  and  the  liver  of  this 
animal  outgrowths  projecting  from  the  surface  are 
present. 

Eeifer  2S1. — Killed  109  days  after  subcutaneous 
inoculation  with  a  tissue  emulsion  containing  bacilli, 
estimated  at  1,800,000,  derived  from  a  human  virus  of 
high  virulence  for  the  bovine.  On  the  liver  there  is 
a  flattened,  mushroom-like  outgrowth  attached  to  the 
capsule  by  a  narrow  pedicle.  It  contains  several  giant 
cells  and  a  few  patches  o£  early  caseation.  Its 
ground-substance  consists  of  a  widely  open  network 
of  branching  connective  tissue  fibrils  This  is  per- 
meated by  a  large  number  of  capillary  channels,  and 
also  contains  a  few  arteries  and  veins  :  many  capillaries 
are  seen  in  process  of  formation. 

Calf  2Si.— Killed,  when  ill,  54  days  after  sub- 
cutaneous inoculation  with  a  tissue  emulsion  con- 
taining bacilli,  estimated  at  11  million,  derived  from 
a  human  virus  which  was  at  first  of  low  and  after- 
wards of  high  virulence  for  the  bovine.    The  lungs 
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contain  numerous  tubercles.  Some  of  the  older  and 
larger  are  partially  marked  ofE  from  the  surrounding 
tissue  by  a  layer  of  fibroblasts  ;  but  in  the  younger 
tubercles,  which  are  more  numerous  and  quite 
irregular  in  outline,  this  demarcating  layer  is  absent. 
There  is  a  notable  proliferation  of  endothelial  cells  in 
the  tubercles,  with  the  formation  of  new  blood 
capillaries.  This  is  an  example  taken  from  a  tissue 
presenting  lesions  of  an  intermediate  type  of  severity. 

Calf  365. — Killed  61  days  after  subcutaneous  inocu- 
lation with  an  emulsion  of  human  material  estimated 
to  contain  about  100  million  bacilli.    The  virus  was 


found  in  other  experiments  to  be  of  low  virulence 
for  the  bovine.  Tn  the  specimen  of  lung  there  are 
numerous  small  tubercles  ;  they  contain  many  giant 
cells,  and  some  of  the  largest  are  commencing  to 
caseate.  They  show  a  well  marked  proliferation  of 
endothelial  cells,  with  formation  of  new  capillary 
channels,  and  many  of  them  are  highly  vascular. 
Tubercle  bacilli  occur  within  the  tubercles  but  are 
scanty.  This  is  an  example  derived  from  tissues 
infected  with  a  virus  of  relatively  low  virulence, 
where  the  bacilli  are  scanty  and  not  likely  to  dis- 
seminate far  along  the  newly  formed  channels. 


IV.— By  Breaking  Down  Foci  gaining  Access  to  the  Circulation. 


This  is  a  common  and  important  means  of  pro- 
gressive dissemination.  Its  frequency  and  its 
significance  are  often  insufficiently  appreciated,  owing 
to  an  implicit  acceptance  of  the  doctrine  that  a 
tubercle  is  essentially  a  non-vascular  structure.  But 
such  a  statement,  though  true  in  many  cases  of  the 
human  disease  where  the  lesions  are  very  chronic  in 
character  and  contain  few  or  no  demonstrable  bacilli, 
is  not  true  as  a  general  description  of  the  typical 
tubercles  observed  under  the  more  favourable  con- 
ditions of  animal  experiment.  My  histological  speci- 
mens, obtained  from  different  animals  and  under 
different  experimental  conditions,  including  infections 
of  the  more  chronic  type,  make  it  clear  that  in  the 
processes  of  tissue  disintegration  blood-vessels  and 
capillaries  often  survive  intact  after  the  surrounding 
tissue  has  become  completely  caseous.  This  survival 
is  only  temporary  ;  the  vessel  walls  must  give  way 
before  the  destructive  process  sooner  or  later,  and 
during  the  period  of  their  disintegration  an  oppor- 
tunity may  be  given  for  the  bacilli  in  their  environ- 
ment to  escape  into  the  circulation.  I  am  not  ignoring 
the  important  fact  that  one  general  feature  of  the 
tubercular  process  is  the  tendency  to  produce  oblitera- 
tive  changes  in  the  vessel  walls  ;  my  point  is  that  this 
process  does  not  always  come  into  operation  quickly 
enough  to  efiiciently  block  the  vascular  channels 
before  bacilli  can  find  their  way  in  ;  and  even  in 
completely  avascular  tubercles,  whether  in  animals  or 
man,  there  is  always  the  possibility  to  consider  that 
bacilli  may  have  made  their  escape  from  these  foci 
before  the  vascular  obliteration  was  complete.  In  an 
earlier  section  I  considered  the  obstacles  to  further 
dissemination  which  the  bacillus  encounters  when  it 
arrives  at  dilierent  parts  of  the  body  ;  following  the 
fate  of  the  bacillus  a  stage  further,  it  may  be  said  in 
general  terms,  applicable  to  foci  in  any  part  of  the 
body,  that  the  bacillus  may  escape  from  its  environ- 
ment by  setting  up  destructive  processes  which  break 
the  continuity  of  the  vessel  walls  and  allow  access  to 
their  interior.  The  following  examples  are  quoted  as 
illustrating  this  method  of  dissemination. 

Local  Lesions. 

It  is  only  necessary  to  refer  to  the  facts  already 
mentioned,  viz.,  that  in  early  stages,  and  also  in  later 
stages  so  long  as  the  lesions  are  progressive,  the  tissue 
is  highly  vascular  ;  during  the  process  of  disintegra- 
tion gaps  are  constantly  being  formed  in  the  vessel 
walls,  and  through  these  gaps  bacilli  may  enter  the 
circulation,  and  can  be  demonstrated  actually  in  process 
of  entry. 

The  Spleen  and  Bone  Marrow. 

It  has  already  been  pointed  out  that  owing  to  their 
loose  structure  these  tissues  do  not  offer  such  an 
effective  mechanism  for  the  detention  of  bacilli  as 
more  compact  organs.  It  may  now  be  added  that,  for 
the  same  reason,  they  afford  more  ready  opportunities 
for  bacilli  to  escape  from  breaking  down  foci. 

Lymphatic  Glands. 

Calf  288. — Killed  14  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  a  bovine  virus.  In  a  section  of 
a  prepectoral  gland,  which  contains  numerous  lesions 
commencing  to  break  down,  one  of  these  foci  has 
broken  into  the  walls  of  a  dilated  blood  capillary  and 
bacilli  can  be  traced  from  the  periphery  of  the  lesion 
into  the  centre  of  the  vascular  channel. 

Pig  150. — Killed  14  days  after  subcutaneous  inocu- 
lation with  20  mg.  of  a  bovine  virus.    A  section  of  a 


cervical  gland  shows  exactly  the  same  condition  as 
that  found  in  the  prepectoral  gland  of  Calf  288. 

Calf  587. — Died  35  days  after  subcutaneous  inocu- 
lation of  50  mg.  of  a  human  virus  of  high  virulence 
for  the  bovine.  In  a  thoracic  gland,  which  is  exten« 
sively  affected  and  contains  many  bacilli,  the  blood 
capillaries  are  numerous  and  dilated,  and  in  some  of 
these  bacilli  have  been  found  passing  in  from  the 
adjacent  lesions  and  situated  in  the  lumen  of  a  vessel. 
This  case  is  quoted  as  an  example  of  the  condition 
commonly  found  in  the  lymph  glands  of  bovines 
fatally  infected  by  subcutaneous  inoculation. 

Coio  4. — Killed  34  days  after  intramammary  inocu- 
lation with  bovine  bacilli.  In  a  supramammary  gland 
which  is  extensively  caseous  and  highly  vascular 
bacilli  are  found  in  several  places  just  within  the 
lumen  of  capillary  channels  and  evidently  passing 
in  from  the  breaking  down  tissue  at  the  periphery. 

Goto  18. — Killed  35  days  after  intramammary  inocu- 
lation with  bovine  bacilli.  The  supramammary  gland 
examined  is  in  the  same  condition  as  that  of  Cow  4 
and  also  shows  bacilli  on  the  point  of  entering 
vascular  channels. 

Monkey  18. — Killed,  when  moribund,  17  days  after 
intravenous  inoculation  with  bovine  bacilli.  A 
bronchial  gland,  which  is  extensively  affected  and 
contains  very  large  numbers  of  bacilli,  shows  bacilli 
on  the  point  of  entering  vascular  channels.  This 
case  is  quoted  as  an  instance  of  a  condition  not 
uncommonly  found  in  the  extensively  affected 
lymphatic  glands  of  anthropoids  and  monkeys.  Other 
examples,  not  requiring  special  description,  have 
been  found  in  the  glands  of  Monkey  114  (died 
34  days  after  subcutaneous  inoculation  with  bovine 
bacilli).  Monkey  9  (died  35  days  after  subcutaneous 
inoculation  with  human  sputum  bacilli),  Chim- 
panzee 3  (died  77  days  after  feeding  with  human 
bacilli),  and  Monkey  73  (died  89  days  after  feeding 
with  human  bacilli). 

Goat  1. — Died  34  days  after  the  last  of  four  sub- 
cutaneous inoculations  with  human  viruses.  ■  A 
thoracic  gland  shows  many  small  patches  of  early 
caseation  and  contains  numerous  dilated  blood  capil- 
laries. In  a  few  places,  where  the  vessels  border  oh 
the  caseous  areas,  bacilli  are  seen  which  have  just 
penetrated  the  capillary  wall. 

Cow  74. — Died  299  days  after  intramammary  inocu- 
lation with  bovine  bacilli.  A  special  feature  of  one 
of  the  supramammary  glands  is  that  it  is  highly 
vascular,  notwithstanding  the  long  duration  of  the 
experiment.  The  gland  contains  numerous  tubercles 
of  the  slowly  progressive  type,  and  bacilli  are  present 
in  large  numbers.  In  several  places  where  patches  of 
early  caseation  border  upon  the  blood  capillaries,  bacilli 
are  in  close  contact  with  the  capillary  wall,  and  in 
one  place  I  have  found  bacilli  actually  within  the 
capillary. 

Pig  26. — Killed  37  days  after  feeding  with 
10  million  bovine  bacilli.  An  ileo-caecal  gland  con- 
tains numerous  caseating  areas  in  which  bacilli  are 
moderately  abundant.  "Vascular  channels  are  present 
in  definitely  affected  areas.  This  fact  is  interesting 
as  indicating  one  of  the  ways  in  which  alimentary 
tract  tuberculosis  may  become  disseminated. 

Calves  154  and  156. — Both  these  animals  were 
killed  36  days  after  being  fed,  the  former  with 
10  million  and  the  latter  with  five  million  bacilli. 
The  mesenteric  glands  of  both  animals  illustrate  the 
same  point  as  the  gland  of  Pig  26,  viz.,  the  presence 
of  capillaries  in  the  midst  of  caseous  areas  containing 
bacilli. 
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Lungs. 

In  relatively  early  cases,  e.g.,  Calf  288,  killed  14 
days  after  subcutaneous  inoculation  with  virulent 
bacilli,  small  caseous  foci  containing  bacilli  are 
sometimes  found  directly  bordering  upon  the  lumen 
of  dilated  capillaries.  It  is  often  impossible  to 
decide  whether  these  foci  have  attacked  the 
capillary  wall  by  process  of  expansion,  or  whether 
they  originated  from  bacilli  escaping  from  the 
capillary  wall  ;  in  either  case  they  are  in  a  position 
which  allows  the  bacilli   to   return   to   the  blood 

In  the  later  stages  of  acute  infection,  where  there 
is  a  general  breaking  down  of  the  tissue  and  bacilli 
are  freely  distributed  in  large  numbers,  bacilli  are 
sometimes  found  passing  through  the  wall  of  a 
vessel  and  entering  the  lumen.  I  have  found  them, 
for  example,  in  the  lungs  of  Calf  238  (22  days 
after  subcutaneous  inoculation  with  50  mg.  of  a 
virulent  virus).  And  in  the  lungs  of  Calf  561  (33 
days  after  subcutaneous  inoculation  with  50  mg.  of  a 
virulent  human  virus)  one  of  my  sections  shows  a 
rather  earlier  stage  of  the  same  process,  t-is.,  a 
caseous  tubercle,  containing  numerous  bacilli,  which 
has  broken  through  a  vessel  wall  and  is  bulging  into 
the  lumen,  but  has  not  yet  discharged  any  of  its 
contents  into  the  vessel.  In  Monkey  2  (41  days 
after  subcutaneous  inoculation  with  bovine  bacilli)  a 
section  of  the  lungs  shows  large  groups  of  bacilli 
surrounding  an  artery ;  some  of  these  have  pene- 
trated the  muscular  walls,  and  a  few  have  arrived  as 
far  as  the  lumen  ;  in  other  parts  of  the  same 
section  bacilli  are  seen  passing  from  tubercles  rich 
in  bacilli  into  adjacent  capillaries.  In  Chimpanzee  14 
(63  days  after  feeding  with  1  mg.  of  bovine  bacilli) 
the  lungs  show  progressive  lesions  in  an  earlier  stage 
than  in  the  preceding  examples,  and  in  one  of  these 
foci  bacilli  are  seen  passing  through  the  walls  of  a 
blood-vessel  and  entering  the  lumen.  In  the  lungs  of 
Calf  319  (57  days  after  intravenous  inoculation  with 
human  bacilli  of  low  virulence  for  the  bovine  when 
inoculated  subcutaneously)  there  are  examples  of 
bacilli  passing  from  breaking  down  tubercles  into  the 
interlobular  lymph  spaces  ;  and  the  same  process  is 
shown  in  the  lungs  of  Calf  529  (13  days  after  intra- 
venous inoculation  with  human  bacilli  which  showed 
an  increase  of  virulence  after  animal  passage). 
These  examples  are  quoted  as  illustrating  the  mode 
of  progressive  dissemination  now  under  discussion  ; 
but  it  ought  to  be  added  that  in  acute  infections  of 
the  lungs  the  bacilli  find  plenty  of  pabulum,  as 
evinced  by  their  abundant  multiplication,  in  the 
tissues  outside  the  blood-vessels  ;  the  blood  channels 
contain  a  much  less  favourable  nutrient  medium,  and 
the  bacilli  only  grow  into  them  accidentally  and 
occasionally  ;  and  when  the  bacilli  arrive  in  the  lungs  by 
way  of  the  circulation  they  exhibit  a  decided  tendency 
to  grow  out  of  this  medium. 

In  the  more  chronic  types  of  tubercles  found  in 
the  lungs,  capillary  channels  are  frequently  found  in 
the  outer  zones  of  the  lesions  and  sometimes  in  the 
interior,  but  I  have  not  found  any  examples  in 
histological  sections  of  bacilli  actually  passing  into 
them. 

Livers. 

The  chances  of  bacilli  escaping  into  the  circulation 
depend  very  largely  on  the  position  of  the  tubercular 
foci,  their  opportunities  being  most  favourable  when 
the  lesion  borders  upon  a  vein,  particularly  a  hepatic 
vein.  Lesions  in  these  situations  offering  an  escape 
for  bacilli  may  be  found  (1)  in  early  stages,  where 
caseation  is  commencing  and  before  there  has  been 
time  for  the  formation  of  a  demarcation  zone,  and  (2) 
in  later  stages,  where  the  lesions  are  progressive 
without  evidence  of  conservative  change.  The  liver 
of  Pig  94  (61  days  after  subcutaneous  inoculation 
with  1  mg.  of  bovine  bacilli)  shows  several  examples 
of  bacilli  escaping  into  veins. 

The  foci  situated  in  the  midst  of  parenchymatous 
cells  and  not  bordering  upon  any  vessels  larger  thaa 
capillaries  may  be  divided  roughly  into  (1)  the  more 

v.— By  Transference  of  Foci 

Endothelial  Cells. 
In    considering  the   obstacles  which   arrest  the 


acute  lesions,  which  are  progressing  without  the 
formation  of  any  demarcation  zone,  and  (2)  the  less 
acute,  which  are  surrounded  by  a  peripheral  zone  of 
newly  formed  or  adventitious  cells.  In  (1)  the  blood 
capillaries  rapidly  disappear  from  the  interior  of  the 
focus  and  the  capillary  obliteration  generally  keeps 
pace  with  the  line  of  advancing  necrosis  ;  but  bacilH 
are  often  found  immediately  beyond  this  line,  and 
then,  though  the  majority  of  them  are  detained  by 
the  endothelial  or  parenchymatous  cells  with  which 
they  come  into  contact,  there  is  at  least  an  opportunity 
for  their  escape  into  patent  capillaries.  The  acutely 
infected  livers  found  in  calves,  pigs,  rabbits,  and  dogs 
afford  examples  of  this  condition.  In  (2),  the 
tubercles  which  tend  to  become  circumscribed,  capil- 
lary obliteration  also  takes  place  concomitantly  with 
the  caseating  process,  but  this  obliteration  is  not 
always  complete,  and  tubercles  are  sometimes  found 
which,  besides  being  vascular  at  their  periphery,  are 
not  completely  avascular  in  the  centre.  It  is  also  to 
be  noted  that  in  lesions  of  the  chronic  type  formation 
of  new  capillaries  is  often  observed  in  the  peripheral 
zone,  and  some  of  these  vessels  pass  a  short  distance 
into  the  interior. 

Kidneys. 

A  special  feature  of  early  tubercle  formation  in  the 
kidney  is  that  the  lesions  tend  to  spread  irregularly 
along  the  intertubular  tissue,  rather  than  to  extend 
by  uniform  expansion  of  a  central  focus.  In  this 
process  the  bacilli  evidently  follow  the  lines  of  least 
resistance.  When  caseation  sets  in  it  commences  in  these 
interstitial  areas  and  gradually  spreads  to  the  tubules. 
Another  consequence  of  the  tendency  of  the  disease 
to  spread  along  tracks  of  interstitial  infiltration  is 
that  blood-vessels  are  frequently  surrounded  by  a 
tubercular  infiltration  and,  as  the  disease  progresses, 
may  be  isolated  in  the  midst  of  caseous  substance. 
This  development  of  caseous  tracts  tending  to  sur- 
round blood-vessels  occurs  both  in  the  cortex  and  in 
the  medulla,  and  when  the  lesions  are  progressive  and 
rich  in  bacilli  is  an  obvious  means  of  leading  to  dis- 
semination by  the  blood-channels.  The  kidney  of 
Calf  124  (died  71  days  after  subcutaneous  inoculation 
with  9,000  bovine  bacilli)  may  be  quoted  as  an 
example.  The  largest  lesions,  situated  in  the  cortex, 
are  of  irregular  outline  and  exhibit  advanced  caseation 
with  commencing  calcification  ;  the  periphery  of  the 
lesions  exhibit  a  zone  of  cellular  infiltration.  The 
smaller  lesions  are  of  the  same  type,  and  of  irregular 
outline,  but  show  less  advanced  necrosis,  whilst  the 
earliest  consist  merely  of  an  instertitial  infiltration. 
Tubercle  bacilli  are  fairly  numerous  in  the  necrotic 
patches  and  sometimes  form  a  ring  surrounding  blood- 
vessels which  have  escaped  destruction  in  these  areas. 
The  older  lesions  contain  more  tubercle  bacilli  than 
the  earlier. 

Mammary  Glands. 

The  cow's  udder  is  a  highly  vascular  organ  and,  as 
in  the  kidneys,  tubercle  bacilli  j^enetrate  very  readily 
along  the  interstitial  tissue  between  the  lobules  and 
alveoli.  The  consequence  is  that  both  capillaries  and 
larger  vessels  frequently  become  surrounded  with 
breaking  down  tissue  containing  numerous  bacilli  and 
must  sooner  or  later  give  way,  thereby  affording  the 
bacilli  a  chance  of  entering  the  blood-stream.  The 
vascularity  of  the  lesions,  even  in  advanced  infections, 
has  been  very  noticeable  in  many  of  the  udders  which 
I  have  examined.  As  showing  that  this  condition  is 
not  confined  to  rapidly  progressive  cases,  special 
mention  may  be  made  of  the  udder  of  Cow  74  (299 
days  after  intramammary  inoculation)  where  I  have 
found  bacilli  penetrating,  and  others  actually  within, 
dilated  blood  capillaries.  The  lesions  in  this  udder 
are  not  of  the  acutely  progressive  type.  There  are  large 
caseous  tubercles,  circular  in  outline  and  surrounded 
by  a  broad  fibrous  tissue  zone  ;  blood  capillaries  are 
conspicuous  in  the  peripheral  parts  of  these  lesions, 
and  the  rest  of  the  tissue  is  highly  vascular,  containing 
groups  of  normal  mammary  alveoli  side  by  side  with 
areas  in  which  the  alveoli  have  been  partially  replaced 
by  tubercular  infiltration.    Bacilli  arc  very  abundant. 

from  one  Site  to  Another. 

dissemination  of  bacilli,  I  laid  special  stress  on  the 
cells  forming  the  endothelium  of  lymphatic  cliannels, 
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of  lymph  sinuses  in  lymphatic  glands,  of  blood  capil- 
laries, and  of  larger  blood-vessels.  Bacilli  in  the 
course  of  dissemination  are  constantly  sticking  to 
these  cells.  When  the  cells  remain  in  situ,  further 
changes  arise,  which  I  have  already  mentioned.  But 
it  very  frequently  happens  that  the  cells  become 
detached,  and  return  into  the  circulation  carrying  the 
bacilli  with  them.  As  is  seen  by  the  study  of  early 
lesions,  when  a  bacillus  becomes  attached  to,  or 
penetrates,  an  endothelial  cell  pathological  alterations 
in  the  cell  are  usually  produced  very  soon  ;  and  it 
seems  probable  that  the  modifications  leading  either 
(1)  to  the  detention  of  the  bacillus  in  situ,  or  (2)  to 
the  swelling  up  of  the  endothelial  cell  and  its  dis- 
charge into  the  circulation  are  eifected  quickly.  I 
have  found  endothelial  cells  containing  bacilli  lying 
free  within  the  lumen  of  blood-vessels  in  the  calf's 
liver  as  early  as  the  third  day  after  subcutaneous 
inoculation.  And  in  all  stages  of  infection,  early, 
intermediate,  or  terminal,  where  bacilli  are  de- 
monstrable at  all  in  the  blood-stream,  some  of  them, 
gererally  a  considerable  number  of  them,  are  found 
attached  to,  or  within,  detached  endothelial  cells. 
Amongst  the  commonest  sites  for  the  arrest  of  bacilli 
by  endothelial  cells  are  the  lymph  sinuses  of  lym- 
phatic glands  ;  in  these  situations  bacilli-laden  endo- 
thelial cells,  detached,  or  in  process  of  detachment, 
can  frequently  be  found,  particularly  when  drainage 
of  bacilli  into  the  gland  is  going  on,  or  when  lesions 
in  the  gland  are  breaking  down  and  discharging 
bacilli  into  the  sinuses.  Probably  many  of  these 
detached  cells  get  carried  on  into  the  efEerent  lymph 
stream   and   thence    into  the   blood-stream.  This 


conveyance  oE  bacilli  by  detached  endothelial  cells  I 
have  found  taking  place  in  all  varieties  of  animals 
which  I  have  examined  for  the  purpose  of  studying 
dissemination,  and'  it  seems  to  me  to  play  a  very 
important  part  in  the  spread  of  the  disease. 

Intravascular  Tdeeecles. 

Occasionally  an  intravascular  tubercle  is  found 
attached  to  the  lumen  by  a  very  narrow  pedicle  ;  it 
may  then  become  detached  as  a  whole,  and  be  carried 
along  by  the  blood -stream.  But  more  usually  these 
tubercles  have  a  relatively  broad  area  of  implantation 
on  the  ve?sel  wall  and  discharge  their  contents  piece- 
meal, by  caseous  degeneration  of  their  distal  portion. 

Other  Methods  of  Transference. 

For  the  sake  of  completeness  mention  ought  to  be 
made  of  some  of  the  other  important  and  obvious 
modes  by  which  infected  foci  are  conveyed  from  one 
site  of  the  body  to  another.  In  the  alveoli  of  the 
lungs  clumps  of  desquamated  epithelial  cells,  laden 
with  bacilli,  and  usually  containing  an  admixture  of 
other  cells,  particularly  leucocytes,  are  extremely 
common  ;  these  foci  may  travel  along  the  air  passages, 
spreading  infeation  as  they  go,  escape  into  tbe 
alimentary  tract,  and  set  up  lesions  in  the  intestine 
and  elsewhere.  Similarly,  renal  tubules  and  tubules 
of  the  mammary  gland  are  frequently  occupied  by 
groups  of  cells  laden  with  bacilli,  which,  as  they  are 
carried  onwards,  may  continue  the  infective  process. 


D.-THE  GENERAL  CONDITIONS  UNDER  WHICH  BACILLI  CIRCULATE  AND  GROW. 

I.— Circulating  Bacilli, 


The  importance  of  the  part  played  by  the  blood- 
stream in  the  dissemination  of  tubercle  bacilli  is 
clearly  established,  and  numerous  instances  have  been 
quoted  in  preceding  paragraphs  where  this  process  is 
demonstrable  in  histological  sections.  But  consider- 
ing as  a  whole  the  total  number  of  histological 
specimens  examined,  taken  from  various  types  of 
animals  showing  active  disease,  the  presence  of  bacilli 
within  sections  of  blood-vessels  is  an  extremely  rare 
event.  They  can  only  be  found  in  a  relatively  few, 
specially  selected  specimens,  and,  when  demonstrable, 
are  often  very  scanty. 

The  blood-stream  is  an  extremely  unfavourable 
environment  for  the  mammalian  tubercle  bacillus, 
and  whenever  bacilli  find  themselves  in  this 
situation  they  endeavour  to  get  out  of  it,  and 
generally  disappear  with  remarkable  rapidity.  The 
discovery  'of  a  bacillus  within  the  blood-stream 
generally  means  that  active  invasion  of  the  circula- 
tion from  some  other  source  was  going  on  at 
the  time  the  specimen  was  obtained,  or  very  shortly 
before  ;  allowance  must,  however,  be  made  for  the 
fact  that  when  bacilli  become  attached  to  endothelial 
cells,  which  afterwards  escape  from  the  vessel  wall 
and  are  carried  along  in  the  circulation,  there  may 
be  a  longer  delay  before  the  bacillus  is  effectively 
eliminated  from  the  blood-stream.  Under  ordinary 
circumstances,  therefore,  the  passage  of  bacilli  by  the 
blood-stream  is  an  intermittent  event,  the  frequency 
of  which  is  determined  by,  though  not  strictly 
synchronous  with,  the  frequency  with  which  lesions 
break  down  and  allow  their  contents  to  be  absorbed 
by  the  blood-stream.  (Perhaps  the  absorption  of 
bacilli  through  an  intact  mucous  membrane  ought  to 
be  added  as  a  further  contingency.) 

Under  exceptional  conditions,  circulating  bacilli 
may  be  found  in  relatively  large  numbers.  In  calves 
fatally  infected  by  subcutaneous  inoculation  with 
50  mg.  of  highly  virulent  bacilli,  this  condition  is 


occasionally  found,  e.g.,  in  a  single  section  of  the  lung 
perhaps  40  or  more  intravascular  bacilli  may  be  seen. 
But  out  of  a  large  number  of  specimens  derived  from 
terminal  infections  resulting  from  this  method  of 
inoculation,  I  have  rarely  found  intravascular  bacilli 
so  numerous  ;  in  fact  it  is  only  in  an  occasional 
instance  that  any  can  be  found,  and  in  my  earlier 
observations  I  failed  to  discover  them.  In  the  monkey, 
which  is  very  much  more  susceptible  than  the  calf 
both  to  subcutaneous  infection  and  to  feeding,  intra- 
vascular bacilli  are  much  more  common  in  the  terminal 
stages  of  the  disease.  In  intravenous  experiments, 
under  conditions  of  virulence  and  amount  of  dosage 
which  do  not  overwhelm  the  animal's  resisting  powers 
in  the  early  stages,  the  bacilli  soon  escape  from  the 
blood-stream  ;  but  in  young  calves  an  overpowering 
effect  may  be  produced  by  a  large  intravenous  dose 
of  bacilli  relatively  innocuous  when  introduced  sub- 
cutaneously,  and  under  these  circumstances  bacilli  may 
be  more  readily  found  in  the  blood-stream,  sometimes 
in  fairly  large  numbers,  though  in  other  instances 
they  have  been  scanty.  Even  in  the  most  severe  cases 
of  calves  infected  by  intravenous  inoculation,  intra- 
vascular bacilli  have  never  been  found  in  abundance. 
Monkeys  are  very  highly  susceptible  to  intravenous 
inoculation  and  often  show  large  numbers  of  intra- 
vascular bacilli  when  fatally  infected  by  this  method. 
In  rats,  which  tolerate  the  presence  of  enormous 
numbers  of  bacilli  in  their  tissues  without  the  pro- 
duction of  tubercular  lesions,  bacilli  are  rarely  found 
in  the  blood-stream,  though  the  surrounding  tissue 
be  crowded  with  them.  In  cats,  which  sometimes 
exhibit,  like  the  rat,  a  relative  indifEerence  to  the 
presence  of  bacilli  in  their  tissues,  intravascular  bacilli 
are  more  readily  found,  and  may  be  fairly  abundant. 
In  the  blood-vessels  of  dogs,  at  tbe  terminal  stage  of 
infection  when  a  rapid  breaking  down  of  caseous 
foci  is  going  on,  intravascular  bacilli  are  moderately 
frequent. 


II.— Relation  of  Circulating  Bacilli  to  Cells. 

Free  Bacilli.  often  circulate  as  free  bacilli,  without  attachment 

either  to  cells  or  to  any  other  material.    The  propor- 
Tubercle  bacilli  are  not  necessarily  dependent  on     tion  of  free  to  attached  or  intracellular  bacilli  varies 
cells  to  carry  them  about  in  the  circulation.    They     very  widely  under  different  conditions.    "When  bacilli 


Histology — Bacterial  Invasion. 


185 


are  found  at  all,  even  if  only  in  very  small  numbsrs,  it 
rarely  happens  that  they  are  all  intracellular,  either  la 
early  or  in  later  periods  after  inoculation  ;  and  when 
the  bacilli  are  rare,  it  generally  is  found  that  the 
proportion  of  bacilli  attached  to  or  within  cells  is 
relatively  small.  But  in  the  exceptional  cases  where 
circulating  bacilli  are  numerous,  the  free  bacilli  usually 
occur  singly,  whereas  several  may  occur  in  each  of  a 
small  group  of  cells  ;  and  hence  the  proportion  of 
intracellular  bacilli  may  be  high. 


Conveyance  by  CELiiP. 

Multinudear  Leucocytes —li  is  only  in  very  rare 
instances,  and  then  in  very  small  numbers,  that  I 
have  found  these  cells  conveying  bacilli  in  the 
circulation.  And  in  places  showing  very  recent 
dissemination  of  bacilli  from  the  circulation  into 
the  tissues  the  bacilli  are  not  within  multinudear 
leucocytes,  nor  is  there  any  appearance  suggesting 
that  they  had  been  conveyed  by  cells  of  this  type. 
Oi!  the  other  hand  oxyphil  leucocytes  which  have 
'migrated  into  the  tissues  are  often  found  very 
vi^orou^ly  attacking  and  ingesting  tubercle  bacilli, 
particularly  when  the  bacilli  are  numerous,  or  when 
they  have  set  up  early  tissue  changes.  Under  these 
circumstances,  of  which  the  local  lesions  removed 
from  calves  afford  excellent  examples,  and  the  early 
disseminated  lesions  in  pigs  likewise,  oxyphil  leuco- 
cytes containing  bacilli  are  extremely  numerous  ;  and 
when  the  supply  of  bacilli  is  plentiful  many  of  the 
leucocytes  are  absolutely  stuffed  with  them.  But 
oxyphil  leucocytes  which  have  ingested  tubercle 
bacilli  suffer  profound  pathological  changes,  as  evinced 
by  the  rapid  loss  of  their  protoplasmic  staining  re- 
action and  the  rapid  disintegration  of  their  proto- 
plasm ;  when  not  actually  dead,  they  are  at  least  in  a 
very  helpless  condition,  and  are  probably  quite  un- 
equal to  the  task  of  returning  to  the  circulation  with 
a  tubercle  bacillus  inside  them.  This  is  the  explana- 
tion of  the  very  striking  difference  between  the 
frequent  presence  of  bacilli  within  these  cells  in  the 
tissues,  amongst  the  exudates  of  lutig  alveoli, 
mammary  alveoli,  and  elsewhere,  and  the  extreme 
rarity  of  bacilli  within  the  bodies  of  multinudear 
leucocytes   circulating    in   the   blood-stream.  My 


observations  lend  no  support  to  the  theory,  some- 
times put  forward,  that  oxyphil  leucocytes  play  an 
important  part  in  the  conveyance  of  bacilli  from  one 
region  of  the  body  to  another. 

Detached  Endothelial  Cells. — These  cells  are  by  far 
the  commonest  and  most  important  vehicle  for  con- 
veying cells  from  one  part  of  the  body  to  another. 
In  the  blood-stream  the  cells  containing  or  adherent 
to  bacilli  are  nearly  all  of  this  nature. 

Other  Cells  or  Cellular  Debris. — A  tubercle  bacillus 
may  stick  to  anything,  to  a  red  corpuscle,  or  a  small 
lymphocyte,  or  to  any  other  cells,  fragments  of  cells, 
or  non-cellular  debris,  which  may  happen  to  be  in  the 
circulation.  But  conveyance  by  any  of  these  methods 
is  only  accidental  and  occasional.  There  is  no  vehicle 
of  transmission  which  is  employed  so  regularly  and  so 
characteristically  as  the  endothelial  cell. 

Examples  of  Free  and  Attached  Bac!lli. 

In  a  section  of  a  monkey's  lung  (Monkey  2)  140 
circulating  bacilli  were  counted  ;  137  of  these  were 
attached  to  large  mononuclear  cells,  and  the  remaining 
3  were  free.  In  the  tissues  of  5  other  monkeys,  40 
circulating  bacilli  were  counted  ;  26  of  these  were 
attached  to  large  mononuclear  cells,  one  was  within  a 
multinudear  cell,  and  13  were  free. 

In  the  tissues  of  6  cats,  245  circulating  bacilli  were 
counted  ;  95  of  these  were  attached  to  large  mono- 
nuclear cells,  2  were  within  multinudear  cells,  28  were 
attached  to  other  cellular  material,  and  120  were  free. 

In  the  tissues  of  2  dogs,  after  intraperitoneal 
inoculation,  77  circulating  bacilli  were  counted  ;  69  of 
these  were  attached  to  large  mononuclear  cells,  2  were 
within  multinudear  cells,  and  6  were  free. 

In  27  tissues  obtained  from  19  bovines,  300  circu- 
lating bacilli  were  counted  ;  58  of  these  were  within 
large  mononuclear  cells,  G  were  within  multinudear 
cells,  13  were  attached  to  other  cellular  material,  and 
223  were  free.  The  percentage  of  free  cells  was 
therefore  74.  It  is  interesting  to  compare  this  result 
with  the  condition  found  in  a  film  of  tuberculous 
milk,  obtained  from  Cow  74.  The  film  was  found  to 
contain  4,006  bacilli ;  1,006  of  these  were  attached  to 
cells  or  cellular  materia!,  and  the  remaining  3,000  wera 
free.    The  percentage  of  free  bacilli  was  therefore  75. 


IIL— The  Growth  of  Bacilli  in  the  Body. 


.  Histological  observations  clearly  show  that  the 
blood-stream  is  a  highly  unfavourable  medium  for  the 
growth  of  the  bacillus  ;  in  fact  the  bacilli  which  find 
their  way  into  this  medium  do  not  seem  able  to 
survive  in  it  for  very  long,  and  I  have  never  met  with 
an  example  indicating  that  they  are  multiplying  in  it. 
In  some  of  my  bacteriological  experiments  I  have 
attempted  to  cultivate  the  bacilli  on  pure  undiluted 
serum  in  the  liquid  state,  but  only  obtained  a 
scanty  yield  ;  these  observations  have  not  been  very 
numerous,  but  they  may  be  associated  with  the 
strong  histological  evidence  that  the  bacillus  seeks 
to  avoid  the  blood-stream.  On  the  other  hand  the 
tubercle  bacillus  grows  well  in  ordinary  cow's  milk, 
sterilized  but  otherwise  unaltered,  when  incubated 
in  a  test-tube  at  37° ;  and  it  retains  its  vitality 
in  this  medium  for  a  very  long  period  (over  a 
year)  without  subculture.  It  is  interesting  to 
associate  this  fact  with  the  abundance  of  bacilli  often 
observed  within  the  tubules,  in  the  ducts,  and  in 
the  milk  sinuses  of  infected  udders.  It  also  supports 
the  evidence  that  bacilli  may  lodge  and  multiply 
for  a  long  period  within  the  pockets  of  a  milk 
sinus,  although  at  the  post-mortem  no  evidence  of 
tuberculosis  can  be  found  either  macroscopically  or 
microscopically.  The  udders  of  Cows  73  and  the 
spontaneously  infected  animals.  Cows  B  and  C,  may 
be  quoted  as  examples. 


With  regard  to  the  capacities  of  individual  cells  for 
affording  nutriment  to  the  bacillus  marked  differences 
are  found.  The  bacilli  are  clearly  unable  to  thrive 
within  the  multinudear  leucocyte,  the  invariable 
result  of  bacilli  finding  their  way  into  these  cells 
being  rapid  disintegration,  either  of  the  cell,  or  of  the 
bacillus,  or  of  both.  In  endothelial  and  connective 
tissue  cells,  growth  of  the  bacilli  is  possible  without 
cell  disruption,  and  the  protoplasm  of  cells  belonging 
to  these  types  often  contains  bacilli  in  considerable 
numbers.  And  occasionally  intracellular  bacilli  are 
very  abundant  but  have  produced  little  evidence  of 
tissue  destruction.  This  phenomenon  is  sometimes 
ascribed  to  the  intensely  phagocytic  action  of  the 
cells,  rather  a  misleading  term,  since  the  bacilli  are 
thriving  upon  the  cell  much  more  vigorously  than 
the  cell  is  upon  them.  With  regard  to  epithelial 
cells  and  other  types,  all  that  need  be  said  here 
is  that  the  bacilli  may  in  most  cases  obtain  nutriment 
from  them  and  grow  in  their  protoplasm,  but  not 
without  establishing  degenerative  changes  in  the 
cell  substance.  Within  cell  fusions  and  within 
definite  giant  cells  bacilli  may  retain  their  vitality 
for  a  long  time,  and  evidence  of  multiplication  in 
these  sites  is  very  often  found.  But  tissue  which 
is  so  far  disintegrated  that  cell  details  can  no  longer 
be  made  out  is  generally  much  the  most  favourable 
site  for  the  proliferation  of  the  bacilli. 
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II.-THE  REACTION  OF  THE  ANIMAL  ORGANISM. 


A.— THE  RELATIONS  OF  OXYPHIL*  LEUCOCYTES  TO  MAMMALIAN  TUBERCLE  BACILLI. 


I.  IN  BOVINES. 


(1.)  At  the  site  of  Subcutaneous  Inoculation. 


After  Twenty-four  Hours. 

Calf  438. — Dose,  44  mg.  of  bovine  bacilli.  The 
mass  of  inoculated  bacilli  is  invaded  by  enormous 
numbers  of  multinuclear  leucocytes,  which  are  actively 
phagocytic.  Many  of  the  leucocytes  are  crammed 
with  bacilli,  though  there  are  also  many  leucocytes 
which  are  present  in  the  neighbourhood  of  bacilli  but 
do  not  contain  any.  The  leucocytes  are  evidently 
streaming  in  the  direction  of  the  bacilli  ;  there  is  no 
indication  that  leucocytes  are  conveying  bacilli  back 
into  the  blood-stream. 

After  Three  Days. 

Calf  284. — Dose,  50  mg.  of  bovine  bacilli.  As  in 
the  previous  case,  the  mass  of  bacilli  is  permeated  by 
enormous  numbers  of  leucocytes,  which  are  actively 
phagocytic.  At  the  periphery  of  the  foci  showing 
dense  groups  of  bacilli,  relatively  few  of  the  leucocjtes 
contain  bacilli ;  and,  passing  outwards  into  the  areas 
of  commencing  infiltration  with  bacilli,  it  is  observed 
that  the  leucocytes,  though  numerous,  have  rarely 
ingested  any.  In  the  lymph  channels  leucocytes  con- 
taining bacilli  have  occasionally  been  found.  The 
leucocytes  are  almost  all  of  the  finely  granular  or 
non- granular  type  ;  very  few  coarsely  granulars  are 
present  ;  none  of  these  latter  contain  bacilli. 

Calf  873. — Dose,  50  mg.  of  human  bacilli  of  low 
virulence  for  the  bovine.  Identical  with  the  condition 
of  Calf  284. 

After  Eight  Days. 

Calf  292. — Dose,  50  mg.  of  bovine  bacilli.  Actively 
phagocytic  leucocytes  are  still  abundantly  present 
amongst  the  masses  of  bacilli.  Many  of  the  leuco- 
cytes are  broken  into  fragments.  In  areas  where 
bacilli  are  rarer,  and  occur  either  singly  or  in  only 
small  groups,  leucocytes,  though  plentiful,  very  rarely 
contain  bacilli.  A  few  coarsely  granulars  are  present, 
but  do  not  contain  bacilli.  Amongst  the  phagocytic, 
non-granular  or  only  finely  granular  leucocytes,  forms 
with  a  spherical  nucleus  are  common. 

Calf  881. — Dose,  50  mg.  of  human  bacilli  of  low 
virulence  for  the  bovine.  Phagocytic  activity  of  the 
leucocytes  is  well  shown,  as  in  Calf  292.  But  the 
granules  of  the  leucocytes  (the  ordinary  phagocytic 
forms)  are  coarser  than  in  Calf  292  or  Calf  873  (the 
three  days'  specimen).  And,  compared  with  the  three 
days'  specimens,  leucocytes  are  less  numerous,  whilst 
the  proportion  of  other  cells  is  greater. 

After  Fourteen  Days. 

Calf  288. — Dose,  50  mg.  of  bovine  bacilli.  Both  the 
multinuclear  and  the  mononuclear  forms  of  oxyphil 
leucocytes  are  abundant  at  the  periphery  of  the 
lesions  ;  in  the  older  foci  the  majority  of  them  are 
broken  down.  Many  of  the  leucocytes  contain  bacilli, 
and  at  the  outskirts  of  the  lesion  there  is  more  evidence 
of  vigorous  phagocytic  action  than  in  earlier  specimens. 
But  no  oxyphils  containing  bacilli  have  been  found 
within  intact  blood  vessels.  Leucocytes  with  a  distinct 
granulation  are  rarely  found. 

Calf  869. — Dose,  50  mg.  of  human  bacilli  of  low 
virulence  for  the  bovine.  Tubercle  bacilli  are  rela- 
tively scanty  in  the  walls  of  the  lesion  ;  (the  central 
portions  had  been  reduced  to  a  liquid  state).  The 
bacilli  generally  occur  within  fixed  tissue  cells  ;  none 
have  been  found  within  leucocytes.  Oxyphil  leuco- 
cytes are  rarer  than  in  the  corresponding  eight  days' 
specimen  (Calf  881)  ;  frequently,  but  not  invariably, 
they  are  markedly  granular. 


At  Later  Periods. 

Calf  769. — Died,  from  intercurrent  disease,  17  days 
after  inoculation  with  50  mg.  of  human  bacilli  of  low 
virulence  for  the  bovine.  Bacilli  are  numerous  and 
are  freely  disseminated  in  the  lesion  ;  leucocytes,  all 
of  the  finely  granular  or  non-granular  type,  are  abun- 
dant in  all  pirts,  and  often  contain  tubercle  bacilli. 
There  are  numerous  blood-vessels  in  the  lesion,  but 
the  leucocytes  present  in  these  situations  do  not 
contain  bacilli. 

Calf  767.— Killed  25  days  after  inoculation  with 
50  mg.  of  human  bacilli  of  low  virulence  for  the 
bovine.  The  lesion  consists  of  fibro-caseous  material 
and  shows  numerous  bacilli  in  some  of  the  caseous 
areas.  Leucocytes,  non-granular  or  only  faintly 
granular  and  often  broken  into  fragments,  are 
numerous  in  the  lesions  ;  some  of  them,  but  only  a 
relatively  small  number,  contain  bacilli. 

Calf  i  55.— -Killed  40  days  after  inoculation  with 
■75  cc.  of  bacilli  derived  from  a  human  virus  of  low 
virulence  for  the  bovine.  The  lesion  contains  large 
necrotic  foci  which  are  partially  circumscribed. 
Bacilli  are  found  both  in  the  centre  and  at  the  peri- 
phery of  the  lesions,  and  are  moderately  numerous, 
particularly  in  the  necrotic  foci.  At  the  periphery  of 
the  lesions  leucocytes  are  fairly  numerous  and  gene- 
rally show  a  distinct  but  not  a  coarse  granulation  ;  in 
the  central  areas  broken  down  leucocytes  and  also 
leucocytes  which  give  a  good  protoplasmic  stain  are 
plentiful.  Occasionally,  but  very  rarely,  one  or  two 
bacilli  have  been  found  within  leucocytes. 

Calf  205.— Killed,  when  moribund,  47  days  after 
inoculation  with  an  emulsion  estimated  to  contain 
48,000  bacilli  ;  the  bacilli  were  derived  from  a  human 
virus  of  high  virulence  for  the  bovine.  The  lesion  is 
of  the  caseating,  slowly  progressive  type.  Bacilli  are 
scanty.  Leucocytes  are  fairly  plentiful,  and  in  one  of 
them  a  bacillus  has  been  found.  The  leucocytic  infil- 
tration appears  to  be  caused  by  the  breaking  down 
tissue  rather  than  by  the  actual  presence  of  bacilli. 

Calf  871. — Killed  91  days  after  inoculation  with 
50  mg.  of  a  human  culture  of  low  virulence  for  the 
bovine.  The  wall  of  the  local  lesion  (the  central 
portion  being  liquid)  consists  of  dense  fibro-caseous 
material  with  some  calcareous  deposits.  Bacilli  are 
scanty  ;  none  have  been  found  within  leucocytes.  In 
the  caseating  areas  leucocytes  and  broken-down  leuco- 
cytes are  plentiful  ;  amongst  the  cells  of  the  peri- 
pheral zone  they  are  also  numerous  and  are  generally 
definitely  granular. 

Calf  520.— Killed  96  days  after  inoculation  with 
50  mg.  of  bacilli,  isolated  from  an  antelope,  possessing 
low  virulence  for  the  bovine.  The  local  lesion  is 
separated  from  the  underlying  muscle  by  a  dense 
fibrous  zone  ;  internal  to  this  is  a  layer  of  loosely 
arranged  cells,  becoming  caseous  as  we  pass  inwards. 
In  this  cellular  layer  bacilli  are  numerous  and  are 
generally  contained  within  cells,  but  not  within  leuco- 
cytes. Leucocytes,  some  faintly  and  some  markedly 
granular,  are  freely  distributed  in  this  area,  but  show- 
no  signs  either  of  converging  upon  the  bacilli  or  of 
ingesting  them. 

Calf  267. — Killed  111  days  after  inoculation  with 
,3  gms.  of  bacilli,  killed  by  heating,  derived  from  a 
human  virus  of  low  virulence  for  the  bovine.  The 
lesion  shows  patches  of  slight  caseation,  amongst 
which  bacilli  are  occasionally  to  be  found.  Throughout 
the  specimen,  leucocytes,  with  a  well-marked  granula- 
tion, are  fairly  numerous  ;  they  show  no  relationship 
to  the  bacilli. 


*  Under  the  term  "oxyphil"  I  include  the  cells  with  less  strongly  marked  oxyphil  characters  which  are  termed  by 
Bome  writers  "  neutrophil," 
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(2.)  In  the  Lungs. 


Early  Lesions. 

Calf  Killed  three  days  cafter  subcutaneous 

inoculation  with  50  mg.  of  bovine  bacilli.  The  only 
lesions  noted  are  small  patches  showing  slight  thicken- 
ing and  congestion  of  the  alveolar  walls.  Bacilli  are 
very  rare.  There  is  a  slight  excess  of  multi  nuclear 
leucocytes  in  these  situations,  but  no  bacilli  have  been 
found  within  leucocytes. 

Calf  595.— Killed  eight  days  after  subcutaneous 
inoculation  with  50  mg.  of  bovine  bacilli.  In  several 
of  the  alveoli  bacilli  are  present,  and  have  produced 
lesions  which  vary  in  extent  from  a  slight  thickenmg 
of  the  alveolar  wall  to  a  tubercle  about  twice  the 
diameter  of  an  ordinary  alveolus.  Leucocytes  are  in 
excess  of  the  normal  but  not  very  abundant.  They 
occur  in  all  the  foci  where  bacilli  are  present,  being 
scanty  in  the  smaller  and  more  numerous  in  the 
larger. 

Calf  288— KSW&di  14  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  bovine  bacilli.  Early  lesions 
are  very  numerous.  The  largest  are  definite  tubercles, 
about  four  times  the  size  of  an  ordinary  alveolus  ;  the 
smallest  are  merely  slight  thickenings  of  the  alveolar 
walls.  Bacilli  are  present  in  all  the  lesions,  and  the 
largest  may  contain  from  50  to  100.  Leucocytes  are 
present,  but  not  very  numerous,  in  these  situations  ; 
none  of  the  leucocytes  have  been  found  containing 
bacilli.  Some  of  the  leucocytes  are  broken  down,  but 
there  is  no  evidence  that  a  large  destruction  of  these 
cells  has  taken  place. 

Calf  869. — Killed  14  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  human  bacilli  of  low  virulence 
for  the  bovine.  A  few  small,  early  lesions  are 
present.  In  two  of  them,  each  about  the  size  of  an 
alveolus,  and  each  containing  four  or  five  bacilli,  there 
are  many  leucocytes  and  broken-down  leucocytes  ; 
though  very  few  have  been  found  actually  containing 
bacilli  these  cells  may  have  been  partly  responsible 
for  the  rarity  of  bacilli. 

Later  Lesions — Acute. 

Calf  436. — Died  16  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  an  equine  virus  of  high  virulence 
for  the  bovine.  The  cause  of  death  was  not  deter- 
mined. The  lungs  contain  numerous  early  tubercles 
containing  moderately  large  numbers  of  bacilli.  In 
the  tissue  generally  there  are  more  leucocytes  than 
normal,  and  in  the  tubercles  which  are  commencing  to 
caseate  there  is  a  moderate  though  not  copious  infiltra- 
tion of  these  cells,  which  appear  to  be  attracted  towards 
the  bacilli. 

Calf  244. — Died  19  days  after  intramuscular  inocu- 
lation with  50  mg.  of  a  bovine  virus.  The  lesions  in 
the  lungs  are  of  the  usual  acute  type  found  in  fatal 
infections,  though  not  so  advanced  as  when  the 
animals  have  survived  rather  longer.  The  tubercles 
contain  large  numbers  of  bacilli  and  are  rapidly 
breaking  down.  In  the  tissue  external  to  the  tubercles 
finely  granular  oxyphil  leucocytes  are  very  numerous 
and  take  a  good  eosin  stain  ;  the  nuclei  of  some  of 
them  appear  to  be  dividing  amitotically.  Within  the 
lesions  these  cells,  many  of  them  broken  down,  are 
also  very  numerous,  but  their  protoplasm  stains 
more  faintly  and  many  of  them  fail  to  take  any 
protoplasmic  stain.  The  general  appearance  indicates 
that  leucocytes  are  being  attracted  to  the  lesions 
in  large  numbers,  but  rapidly  break  down  when  they 
come  into  contact  with  the  bacilli.  Many  leucocytes 
contain  bacilli. 

_  Calf  250. — Died  30  days  after  subcutaneous  inocula- 
tion with  50  mg.  of  bovine  culture.  The  lungs  show 
large  patches  of  diffuse  necrotic  change,  the  inter- 
mediate areas  being  highly  congested  and  containing  a 
considerable  amount  of  exudate.  Bacilli  are  very 
numerous  in  the  lesions.  Leucocytes  are  numerous 
throughout  the  tissue  ;  the  lesions  are  abundantly 
invaded  with  these  cells,  but  in  these  situations  the 
majority  of  them  have  broken  down.  A  fair  number, 
however,  of  the  leucocytes  which  retain  an  oxyphil 
stain  contain  bacilli. 

Calf  575.— Killed,  when  moribund,  46  days  after 
subcutaneous  in,  culation  with   50  mg.  of  bovine 
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bacilli.  The  lungs  show  the  usual  condition  of  diffuse 
necrotic  change,  with  numerous  bacilli.  In  the  lesions 
there  are  many  signs  of  broken-down  leucocytes,  but 
at  their  periphery  and  in  the  surrounding  tissue  leuco- 
cytes giving  a  good  protoplasmic  stain  are  not  very 
numerous.  The  general  appearance  indicates  that 
there  has  been  no  recent  invasion  of  these  cells  in  large 
numbers.  In  the  lungs  obtained  from  some  of  the 
other  experiments  which  terminated  at  about  this 
period  after  inoculation  there  seems  to  have  been  a 
lull  in  the  process  of  leucocytic  invasion. 

Calf  779. — Died  63  days  after  subcutaneous  inocula- 
tion with  10  mg.  of  a  strain  of  human  bacilli  possessing 
high  virulence  for  the  bovine.  The  tissue  is  typical  of 
acute  infection.  At  the  periphery  of  the  lesions 
bacilli  are  very  numerous  and  are  surrounded  by  large 
numbers  of  leucocytes,  many  of  which  are  disintegrated. 
Throughout  the  specimen  leucocytes  are  numerous  and 
appear  to  be  attracted  towards  the  baciili,  several 
leucocytes  giving  a  good  oxyphil  stain  actually  contain 
bacilli. 

Calf  440. — Died  72  days  after  subcutaneous  inocula- 
tion with  50  mg.  of  an  equine  virus  of  high  virulencj 
for  the  bovine.  The  tissue  is  typical  of  the  terminal 
stage  of  acute  infection.  Masses  of  leucocytes  and 
their  remains  are  present  at  the  margin  of  the  necrotic 
areas.  Leucocytes  are  also  numerous  in  the  tissue 
intermediate  between  the  lesions.  The  leucocytes  are 
vigorously  attacking  and  ingesting  the  bacilli,  which 
are  very  abundant,  and  sometimes  occur  within  cells 
retaining  an  oxyphil  stain. 

Calf  498. — Died  89  days  after  subcutaneous  inocula- 
tion with  an  equine  virus  which  in  some  expeaments^ 
has  proved  of  only  sliglit  virulence  for  the  bovine. 
The  lungs  are  acutely  infected.  Both  bacilli  and 
leucocytes  are  very  numerous.  The  relation  of  the 
leucocytes  to  the  bacilli  is  the  same  as  in  the  previous 
animal.  Calf  440.  Occasionally  leucocytes  retaining 
an  oxyphil  stain  contain  bacilli. 

Calf  448. — Killed  104  days  after  Gubcataneous 
inoculation  with  50  mg.  of  porcine  bacilli  possessing 
relatively  high  virulence  for  the  bovine.  The  hings 
exhibit  severe,  progressive  infection,  but  with  less 
necrosis  than  is  usually  found  in  very  acute  cases. 
Both  Lacilli  and  leucocytes  are  abundant.  The  leuco- 
cytes appear  to  be  definitely  attacking  the  bacilli  ; 
where  the  bacilli  form  large  groups,  dense  masses  of 
these  cells  are  present,  many  of  them  broken  down. 
Leucocytes  giving  an  oxyphil  stain  not  unfrequently 
contain  bacilli. 

Cow  74. — Died  2i}9  days  after  an  intramammary 
inoculation  with  an  emulsion  of  bovine  bacillij, 
probably  scanty  in  number.  The  lungs  are  acutely 
infected,  exhibit  large,  ramifying  caseous  areas,  and 
contain  very  large  numbers  of  bacilli.  Leucocytes  are 
very  abundant  and  aie  evidently  attacking  the  bacilli. 
Cells  retaining  an  oxyphil  stain  sometimes  contain 
them. 

Later  Lesions — of  Intermediate  Severity. 

Calf  426. — Died  29  days  after  subcutaneous  inocula- 
tion with  200  mg.  of  culture  of  a  porcine  virus 
possessing  a  relatively  low  virulence  for  the  bovine. 
The  lesions  are  much  less  exten-ive  than  in  highly 
acute  infections,  but  the  alveolar  walls  show  a  general 
thickening,  and  many  small  tubercles,  in  an  early  stage 
of  caseation,  are  present.  Throughout  the  tissue 
there  is  a  considerable  degree  of  leucocytosis  ;  within 
the  tubercles  many  of  the  leucocytes  are  broken  down, 
but  fresh  leucocytes  appear  to  be  passing  into  the 
lesions  from  the  periphery.  Bacilli  are  moderately 
numerous  and  sometimes  occur  within  thickened 
alveolar  walls  apart  from  definite  tubercles.  When 
present  in  the  former  situations,  the  bacilli  are  noc 
usually  associated  with  leucocytes  ;  but  where  definite 
tissue  disintegration  has  been  set  up,  bacilli  and  leuco- 
cytes are  found  together.  With  a  few  exceptions 
which  are  coarsely  granular,  the  leucocytes  are  of  the 
finely  granular  type,  but  their  granulation  is  more 
distinct  than  is  the  case  in  highly  acute  infections. 
Bacilli  are  found  within  leucocytes  retaining  an 
oxyphil  stain. 
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Calf  52. — Killed  32  days  after  subcutaneous  inocula- 
tion with  an  emulsion  of  bacilli  derived  from  a  bovine 
virus.  Throughout  the  specimen  are  small  areas  of 
consolidated  tissue,  irregular  in  outline  and  without 
demarcation  by  fibrous  zones  ;  many  of  the  lesions 
are  centrally  caseous.  The  lesions  are  evidently  pro- 
gressive, but  not  of  a  very  acute  type  ;  bacilli  are  not 
very  numerous  and  are  confined  to  the  lesions,  chiefly 
to  the  necrotic  areas.  Oxyphil  leucocytes,  both  multi- 
nuclear  and  mononuclear  are  present  in  large  numbers, 
both  in  the  consolidated  areas  and  in  the  rest  of  the 
tissue,  their  numbers  being  greatest  at  the  periphery  of 
the  lesions,  and  not  in  immediate  contact  with  bacilli. 
The  leucocytes  are  finely  granular  or  non-granular. 

Coio  63. — Died  45  days  after  subcutaneous  inocula- 
tion with  an  emulsion  of  bacilli,  estimated  at  160 
million,  derived  from  a  virus  isolated  from  human 
sputum.  The  lesions  are  slightly  caseous,  not  sharply 
circumscribed,  and  surrounded  by  a  broad  cellular,  but 
not  by  a  fibrous,  zone.  There  is  no  indication  that 
they  are  progressing  rapidly.  Bacilli  are  very  scanty. 
The  lesions  are  infiltrated  with  large  numbers  of 
leucocytes. 

Calf  281. — Killed,  when  ill,  54  days  after  subcuta- 
neous inoculation  with  an  emulsion  of  bacilli,  estimated 
at  11  million,  derived  from  a  human  virus  which  be- 
came of  high  virulence  for  the  bovine  after  repeated 
passage.  The  tissue  contains  numerous  tubercles. 
Some  of  the  older  and  larger  are  partially  marked 
ofE  from  the  surrounding  tissue  by  a  layer  of  fibro- 
blasts ;  but  in  the  younger  tubercles,  which  are  more 
numerous  and  quite  irregular  in  outline,  this  demarca- 
ting layer  is  absent.  Leucocytes  are  numerous  withia 
the  lesions  (both  the  older  and  the  more  recent),  at 
their  periphery,  and  in  the  surrounding  tissue.  The 
majority  of  the  leucocytes  are  granular,  and  many  of 
them  possess  a  distinctly  coarse  granulation.  Bacilli 
are  not  very  numerous,  but  are  rather  more  frequent 
in  the  older  lesions  than  the  earlier.  There  is  no 
marked  association  between  the  leucocytes  and  the 
bacilli.  The  leucocytes  are  invading  the  affected  tissue 
as  a  whole  and  not  specially  converging  upon  the 
bacilli. 

Calf  365. — Killed  61  days  after  subcutaneous  inocu- 
lation with  an  emulsion  of  human  lung,  estimated  to 
contain  about  100  million  bacilli.  Small  tubercles 
occur  abundantly  throughout  the  tissue  examined  ; 
they  contain  many  giant  cells,  and  some  of  the  larger 
are  commencing  to  caseate.  There  is  also  a  catarrhal 
thickening  of  the  alveolar  walls.  The  older  tubercles 
are  generally  discrete,  but  the  earlier  ones  are  often 
continuous  with  the  catarrhal  patches.  Bacilli  are 
rare.  Leucocytes  are  abundant  both  in  the  catarrhal 
areas  and  within  the  tubercles,  particularly  in  the 
latter  situations,  where  they  often  form  large  masses. 
Both  non-granular,  finely  granular,  and  coarsely 
granular  leucocytes  are  found. 

Calf  312. — Killed  90  days  after  subcutaneous 
inoculation  with  50  mg.  of  a  porcine  virus  of  re- 
latively low  virulence  for  the  bovine.  The  lungs 
contain  irregular,  ramifying,  caseous  tubercles  with  a 
broad  cellular  margin  ;  smaller  lesions,  infiltrated 
with  cells  but  not  caseous,  are  also  present.  Bacilli 
are  very  numerous,  particularly  in  the  caseous  areas. 
Leucocytes,  most  of  them  finely  granular,  are  present 
in  all  the  lesions,  generally  in  large  numbers.  Round 
the  margins  of  the  caseous  areas  they  are  particularly 
abundant  ;  passing  inwards  towards  the  caseous 
material  most  of  them  are  fragmentary  ;  the  dis- 
integration of  the  leucocytes  appears  to  be  definitely 
associated  with  the  presence  of  bacilli.  Many  of  the 
leucocytes,  including  those  which  retain  an  oxyphil 
stain,  contain  bacilli. 

Calf  340. — Killed  92  days  after  subcutaneous  inocu- 
lation with  10  mg.  of  a  bovine  virus.  The  portion  of 
lung  examined  is  almost  completely  solidified  and  is 
undergoing  fibroid  change.  It  contains  several 
caseous  patches ;  some  of  these  are  calcareous  in  the 
centre  and  are  surrounded  by  a  broad  fibrous  zone  ; 
but  in  many  situations  caseation  is  only  just  com- 
mencing, and  there  is  no  demarcation  into  tubercles. 
Bacilli  are  scanty  but  are  not  confined  to  the  caseating 
areas.  Leucocytes  are  very  numerous  throughout  the 
tissue  and  penetrate  into  the  caseous  material.  The 
granulation  of  the  leucocytes  is  well  marked,  and  in 
many  of  them  is  distinctly  coarse. 


Calf  905. — Killed  90  days  after  subcutaneous  inocu 
lation  with  50  mg.  of  human  bacilli  of  relatively  low 
virulence  for  the  bovifie.  The  tissue  shows  a  patchy 
consolidation  with  many  caseous  areas,  some  of  them 
containing  slight  calcareous  deposits.  There  is  an 
irregular  formation  of  fibrous  tissue,  but  the  lesions 
are  not  definitely  circumscribed.  Bacilli  are  present 
in  all  the  lesions,  and  in  some  of  the  foci  are 
numerous.  Leucocytes  are  much  less  numerous  than 
lymphocytes,  but  occur  in  all  parts  of  the  tissue  ; 
some  of  them  are  coarsely  granular.  The  leucocytes 
are  distributed  irregularly  and  do  not  form  special 
aggregations  in  the  neighbourhood  of  the  bacilli. 

Calf  414. — Killed  92  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  bovine  bacilli.  The  tissue 
contains  consolidated  areas  of  the  slowly  progressive 
type,  centrally  caseous,  but  abundantly  infiltrated 
with  cells,  amongst  which  leucocytes  are  less  numerous 
than  lymphocytes.  Bacilli  are  not  numerous  and  are 
not  associated  with  special  aggregations  of  leucocytes. 

Later  Lesions — Chronic. 

Calf  767. — Killed  25  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  human  bacilli  of  low  virulence 
for  the  bovine.  In  specimens  selected  from  different 
parts  of  the  lungs  the  greater  portion  of  the  tissue  is 
normal,  but  a  few  small  tubercles  are  present.  No 
bacilli  have  been  found  in  them.  The  smallest  of 
the  tubercles  show  no  sign  of  caseation  but  are  com- 
pletely overrun  with  cells,  amongst  which  leucocytes 
and  lymphocytes  are  present  in  almost  equal  numbers. 
In  the  rather  larger  foci  there  are  slight  traces  of 
caseation ;  these  lesions  are  swarming  with  leuco- 
cytes, whereas  lymphocytes  are  scarce.  The  leuco- 
cytes, hardly  any  of  which  show  nuclear  disintegration, 
are  mostly  of  the  finely  granular  type,  but  a  few 
possess  coarser  granules  and  some  of  these  cells  have 
shed  their  granules. 

Bull  88. — Killed  45  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  a  bovine  virus.  Sections  of 
the  lungs  show  many  large,  partially  caseous  tubercles 
which  contain  very  few  bacilli,  have  broad  cellular 
margins  containing  many  fibroblasts,  and  are  in  all 
respects  retrogressive  in  character.  The  leucocytes 
show  no  relationship  to  the  bacilli  present  but  are 
very  numerous  in  the  cellular  portions  of  the  tubercles  ; 
most  of  them  are  granular  ;  the  granules  vary  in  size, 
some  being  small,  others  rather  larger,  and  others 
definitely  coarse  ;  no  sharp  distinction  can  be  drawn 
between  these  varieties. 

Calf  240. — Killed  54  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  bovine  bacilli.  The  specimen 
of  lung  contains  five  small,  retrogressive  tubercles  in 
which  bacilli  are  very  scanty.  The  tubercles  contain 
a  copious  infiltration  of  cells,  amongst  which  oxyphil 
leucocytes  occur,  though  these  cells  are  much  less 
numerous  than  the  lymphocytes. 

Calf  165. — Killed  57  days  after  subcutaneous  inocu- 
lation with  an  emulsion  of  bacilli,  estimated  at  about 
4|^  million,  derived  from  a  human  virus  of  low 
virulence  for  the  bovine.  Specimens  from  two 
different  parts  of  the  lungs  show  several  small, 
retrogressive  tubercles,  containing  very  few  bacilli. 
As  in  the  previous  specimen,  Calf  240,  the  lesions  are 
copiously  overrun  with  cells,  but  the  number  of 
leucocytes  present  is  small  in  proportion  to  that  of 
the  lymphocytes. 

Calf  525. — Killed  90  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  human  bacilli  belonging  to  a 
virus  usually  of  high  virulence  for  the  bovine.  The 
animal  in  this  instance  was  six  months  old,  i.e.  much 
older  than  the  calves  usually  employed  for  testing 
virulence.  The  specimen  of  lung  contains  five 
tubercles,  each  about  half  the  diamster  of  the 
microscopic  field  (low  power).  The  tubercles,  in 
which  a  few  bacilli  are  present,  .contain  a  small 
caseous  patch  in  the  centre  ;  the  remainder  of  the 
lesions  is  occupied  by  a  mass  of  cells  which  are  almost 
entirely  small  lymphocytes,  but  amongst  these  cells  a 
few  oxyphil  leucocytes  occur  ;  and  in  some  of  the 
caseous  centres  a  few  leucocytes,  retaining  a  good 
eosinophil  stain,  have  survived. 

Calf  667. — Killed  90  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  a  human  virus  usually  of  high 
virulence  for  the  bovine.  Calf  667  was  a  young 
animal,  no  older  than  those  usually  employed  for  the 
virulence  tests.    The  lesions  in  the  lungs  are  minute 
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obviously  retrogressive,  and,  as  regards  the  relation- 
ship of  leucocytes  to  lymphocytes  and  to  bacilli, 
identical  with  the  previous  animal.  Calf  525. 

Calf  360. — Killed  91  days  after  subcutaneous  inocu- 
lation with  10  mg.  of  a  bovine  virus.  The  lesions  in 
the  lungs  are  minute  and  scanty  and,  as  regards 
the  relationship  of  leucocytes  to  the  tubercles,  are 
identical  with  the  two  preceding  cases,  Calves  525 
and  667.  Bacilli  are  rare  and  are  only  found  amongst 
the  caseous  centres  of  the  tubercles,  not  associated 
with  leucocytes. 

Beifer  50.— Killed  115  days  after  subcutaneous 
inoculation  with  an  emulsion  of  tissue  containing 
bovine  bacilli,  probably  scanty  in  number.  The 
lungs  contain  typical  chronic,  caseous  tubercles,  sur- 
rounded by  a  broad  fibrous  zone  and  containing  very 
few  bacilli.  In  the  peripheral  portions  of  the  nodules 
oxyphil  leucocytes  are  very  abundant  and  are  markedly 
granular  ;  the  nuclei  of  these  cells  present  many 
varieties,  the  spherical,  the  multilobular,  the  deeply 
stained,  and  the  lightly  stained  all  being  found. 

Aftek  Intravenous  Inoculation. 

Calf  529. — Died  13  days  after  intravenous  inocula- 
tion with  an  emulsion  of  tissue  containing  bacilli, 
estimated  at  1,000  million,  derived  from  a  virus 
isolated  from  human  sputum.  The  tissue  is  in  a 
condition  of  progressive  consolidation  ;  in  one  part  of 
the  lung  the  consolidation  is  nearly  complete  ;  in  a 
specimen  from  another  part  the  general  condition  is 
the  same,  but  the  process  is  less  advanced  and  the  air- 
containing  spaces  are  more  numerous.  The  whole 
tissue  is  densely  infiltrated  with  leucocytes,  many  of 
them  broken  down.  The  granules  of  many  of  the 
leucocytes  are  very  distinct  and  not  particularly 
coarse,  although  the  cell  nuclei  are  often  larger  and 
paler  than  in  the  typical  finely  granular  multinuclear. 
Probably  these  cells  represent  a  degenerating  stage  of 
the  ordinary  phagocytic  leucocyte.  The  tissue  is 
swarming  with  bacilli,  which  are  being  vigorously 
attacked  by  the  leucocytes.  Some  of  the  cells 
retaining  an  oxyphil  stain  contain  bacilli. 

Calf  831. — Died  17  days  after  intravenous  inocula- 
tion with  an  emulsion  of  tissue  containing  bacilli, 
estimated  at  1,000  million,  derived  from  a  human 
virus  of  low  virulence  for  the  bovine  when  inoculated 
subcutaneously.  Consolidation  is  less  advanced  than 
in  the  preceding  specimen,  but  the  lesions  are  of  the 
same  type  ;  the  leucocytic  infiltration  is  less  copious, 
and  the  bacilli,  though  very  numerous,  are  less 
abundant  than  in  the  preceding  specimen,  and  have 
caused  less  tissue  destruction. 

Calf  89. — Killed,  when  very  ill,  23  days  after  intra- 
venous inoculation  with  an  emulsion  of  tissue  con- 
taining bacilli,  estimated  at  300,000,  derived  from  a 
virus  isolated  from  human  sputum.  The  lungs  are 
in  a  condition  of  progressive  miliary  tuberculosis. 
The  lesions  are  commencing  to  caseate  and  contain 
numerous  bacilli.  Multinuclear  leucocytes  are  abun- 
dant ;  in  the  middle  of  the  lesions,  where  bacilli  are 
most  numerous,  most  of  the  leucocytes  are  broken 
down  and  have  lost  their  granulation  ;  but  in  other 
situations,  a  granulation  can  be  made  out  with  the 
oil-immersion  lens  ;  the  granules  show  a  tendency  to 
escape  from  the  cell  body. 

Calf  7:^.9.— Killed,  when  very  ill,  24  days  after  intra- 
venous inoculation  with  46  mg.  of  a  culture  derived 
from  a  human  virus  of  low  virulence  for  the  bovine 
when  inoculated  subcutaneously.  The  tissue  shows 
generalised  consolidation,  without  any  caseous  change 
or  other  histological  indications  typical  of  tuberculosis. 
Bacilli  are  scattered  all  over  the  specimen  in  fairly 
large  numbers  ;  there  is  also  a  general  and  very  abun- 
dant distribution  of  leucocytes,  but  these  cells  do  not 
seem  specially  attracted  to  the  bacilli,  which  are  often 
contained  within,  or  adherent  to,  cells  of  other  types. 

Heifer  S.— Killed,  when  very  ill,  25  days  after  intra- 
venous inoculation  with  a  tissue  emulsion  containing 
bovine  bacilli.  The  lungs  contain  large  patches  of 
consolidation  which  are  of  the  inflammatory  type  and 
do  not  exhibit  tubercle  formation.  Tubercle  bacilli 
are  very  numerous  and  are  generally  distributed. 
There  is  also  a  general  dissemination  of  leucocytes  in 
large  numbers  ;  the  leucocytes  not  infrequently  con- 
tain bacilli,  and  have  lost  their  granulation  where  they 
form  groups  aggregated  round  the  bacilli. 
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Calf  305. — Killed,  when  moribund,  26  days  after 
intravenous  inoculation  with  an  emulsion  of  bacilli, 
estimated  at  730  million,  derived  from  a  human 
virus  of  low  virulence  for  the  bovine  when  inoculated 
subiutaneously.  There  is  a  generalised  consolidation, 
of  the  same  type  as  in  Heifer  8,  but  rather  less 
advanced.  There  is  also  a  similar  distribution  of 
bacilli  and  leucocytes,  but  the  bacilli  are  less  numerous. 
The  leucocytes  are  particularly  numerous  where  the 
bacilli  have  caused  early  necrotic  change  in  the  tissue. 
Most  of  the  leucocytes  are  granular  or  slightly 
granular.  A  few  bacilli  have  beei  found  within 
leucocytes  giving  an  oxyphil  stain. 

Calf  399. — Killed,  when  very  ill,  34  days  after  intra- 
venous inoculation  with  an  emulsion  of  bacilli,  esti- 
mated at  about  700  million,  derived  from  a  human 
virus  of  low  virulence  for  the  bovine  when  inoculated 
subcutaneously.  There  is  the  same  generalised  pro- 
cess of  consolidation  without  tubercle  formation  as 
in  the  last  animal,  but  the  process  is  rather  more 
advanced.  Bacilli  are  very  abundant,  and  there  is  a 
generalised  distribution  of  leucocytes,  without  any 
marked  indication  that  the  leucocytes  are  converging 
upon  the  bacilli. 

Calf  101. — Killed,  when  moribund,  41  days  after 
intravenous  inoculation  with  an  emulsion  of  bacilli, 
estimated  at  48,000,  derived  from  a  human  virus  of 
high  virulence  for  the  bovine.  Small  tubercles  ar.i 
disseminated  throughout  the  lung  and  are  tending  to 
become  confluent.  In  many  of  them,  bacilli  are 
numerous.  In  the  interior  of  the  lesions  there  are 
many  signs  of  broken-down  leucocytes,  but  there  is 
no  evidence  of  recent  invasion. 

Calf  607. — Killed  48  days  after  intravenous  inocu- 
lation with  90  mg.  of  culture  of  human  bacilli  derived 
from  sputum.  There  are  no  tubercles,  and  only  very 
few  bacilli  have  been  found.  In  the  alveolar  walls, 
many  of  which  are  thickened,  leucocytes  are  iu  excess 
of  the  normal,  but  not  very  numerous. 

Calf  319. — Killed,  when  moribund,  57  days  after 
intravenous  inoculation  with  an  emulsion  of  tissue 
containing  bacilli,  estimated  at  over  100  million, 
derived  from  a  human  virus  of  low  virulence  for  the 
bovine  when  inoculated  subcutaneously.  The  tissue 
is  densely  packed  with  small,  miliary  tubercles.  The 
tubercles  contain  very  large  numbers  of  bacilli  and 
are  crowded  with  leucocytes,  many  of  which  art? 
broken  down  ;  but  a  few  show  a  well  marked 
granulation.  Many  of  the  leucocytes  are  actively 
phagocytic. 

Calf  685. — Killed  64  days  after  intravenous  inocu- 
lation with  10  mg.  of  a  virus  derived  from  human 
sputum.  The  tissue  shows  some  general  thickening 
of  the  alveolar  walls  and  contains  a  few  tubercles. 
These  are  of  a  retrogressive  character,  being  centrally 
caseous  and  circumscribed  by  fibroblasts  and  an  infil- 
tration of  wandering  cells.  Bacilli  are  scanty  and  are 
confined  to  the  central  parts  of  the  tubercles,  where 
they  are  surrounded  by  leucocytes  and  nuclear  debris. 
In  the  peripheral  cellular  area  of  the  tubercles  leuco- 
cytes are  scanty  and  lymphocytes  are  greatly  in  the 
majority. 

Calf  361. — Killed  76  days  after  intravenous  inocu- 
lation with  an  emulsion  of  tissue  coataining  bacilli, 
estimated  at  41-i  million,  derived  from  a  human  virus 
of  low  virulence  for  the  bovine  when  inoculated  sub- 
cutaneously. The  lung  is  crowded  with  typical 
tubercles,  which  are  caseous,  contain  giant  cells,  and 
are  surrounded  by  a  broad  fibrous  zone.  Bacilli  occur 
in  many  of  the  tubercles,  but  are  scanty.  Leucocytes 
are  present  at  the  margins  of  the  caseous  tubercles, 
and  also  in  the  centre  of  the  less  necrotic  lesions,  but 
are  not  numerous  in  proportion  to  other  cells  and  are 
not  found  in  association  with  bacilli. 

Heifer  26. — Killed  115  days  after  intravenous  inocu- 
lation with  an  emulsion  of  tissue  containing  bovine 
bacilli,  probably  scanty  in  number.  The  lungs  contain 
circumscribed,  isolated  tubercles,  surrounded  by  a  very 
broad  fibrous  zone,  and  obviously  chronic  in  character. 
A  few  bacilli  are  present  in  the  caseous  centres,  but 
none  have  been  found  elsewhere.  The  cellular  por- 
tions of  the  caseous  tubercles  are  packed  with  an 
enormous  number  of  eosinophil  cells  ;  the  granules  of 
these  vary  in  size,  the  majority  of  them  being  very 
coarse. 

18—2 
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(3.)  In  the  Liver. 


Early  Lesions. 

Calves  2S4  and  873. — Killed  tbree  days  after  sub- 
cutaneous inoculation,  eacli  with  50  mg.  of  bacilli. 
Bacilli  are  rare  and  are  not  found  associated  with 
leucocytes,  though  small  collections  of  these  cells  are 
present  in  several  parts  of  the  specimens. 

Calf  292. — Killed  eight  days  after  subcutaneous 
inoculation  with  50  mg.  of  bovine  bacilli.  Bacilli  are 
rare.  A  few  leucocytes  are  generally  found  near  to 
them,  but  no  bacilli  have  been  found  actually  within 
leucocytes.  In  a  few  places  the  bacilli  have  set  up 
early  lesions,  characterised  by  the  obliteration  of  the 
parenchymatous  cells,  an  increase  of  the  endothelial 
element,  and  an  infiltration  of  wandering  cells ; 
amongst  these  wandering  cells  leucocytes  are  present, 
but  not  in  large  numbers.  And  in  the  tissue  gene- 
rally, apart  from  lesions  or  bacilli,  the  leucocytes  are 
in  excess  of  the  normal.  The  general  appearance 
indicates  a  slight  but  not  a  vigorous  determination  of 
leucocytes  towards  the  bacilli  or  towards  the  places 
where  the  bacilli  have  induced  tissue  changes. 

Calf  2S8. — Killed  14  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  bovine  bacilli.  The  lesions  are 
more  numerous  and  rather  more  advanced  than  those 
found  in  Calf  292  ;  there  is  rather  more  disintegration 
of  the  parenchymatous  cells  and  a  more  abundant 
infiltration  of  these  areas  with  leucocytes.  In  some 
of  the  lesions  the  invasion  of  leucocytes  appears  to 
have  been  quite  recent,  as  these  cells  are  fairly 
numerous  and  all  possess  a  well  stained,  finely  granular 
protoplasm  ;  in  other  lesions  there  are  broken-down 
leucocytes  but  only  a  few  with  intact  protoplasm  ;  and 
in  others,  again,  leucocytes  are  scanty  and  there  is  no 
evidence  of  the  nuclear  remains  of  these  cells.  Bacilli 
can  be  found  in  many  of  the  lesions  but  only  in  small 
numbers.  The  attraction  of  the  leucocytes  towards  the 
sites  where  bacilli  are  present  is  more  pronounced 
than  in  the  eight  days'  specimen,  but  none  of  the 
bacilli  have  been  found  actually  within  leucocytes. 

Calf  869. — Killed  14  days  after  subcutaneous  inocu- 
lation virith  50  mg.  of  human  bacilli  possessing  low 
virulence  for  the  bovine.  Lesions  are  much  less 
numerous  in  this  liver  than  in  that  of  the  14  days' 
animal  inoculated  with  a  more  virulent  virus.  In  one 
specimen  there  is  a  small  tubercle  which  is  centrally 
caseous  and  is  infiltrated  with  a  large  number  of  leuco- 
cytes ;  five  bacilli  can  be  seen  in  a  section  of  this 
lesion,  but  none  of  them  are  in  immediate  contact 
with  leucocytes.  The  lesion  is  in  a  rather  more 
advanced  stage  of  caseation  than  those  found  in 
Calf  288,  and  it  is  noteworthy  that  it  has  been  infil- 
trated by  a  much  larger  number  of  leucocytes. 

Later  Lesions — Acdte. 

^  Calf  436.— Wied  16  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  an  equine  virus  found,  in  other 
experiments  also,  to  be  of  high  virulence  for  the 
bovine.  There  are  many  small  lesions,  ceutrally 
caseous  and  not  circumscribed.  They  all  show 
evidence  of  leucocytic  infiltration  :  a  great  many  of 
the  leucocytes  are  broken  down.  Bacilli  are  present 
in  all  the  lesions  but  are  not  very  numerous ;  they 
have  evidently  been  unable  to  multiply  freely.  Cells 
giving  an  oxyphil  stain  are  not  numerous  except  in  the 
lesions  ;  occasionally,  but  rarely,  they  contain  bacilli. 

Calf  244. — Died  19  days  after  intramuscular  inocu- 
lation with  50  mg.  of  a  bovine  virus.  The  lesions  are 
of  the  same  type  as  in  the  preceding  case  but  rather 
more  extensive,  and  contain  more  bacilli.  There  is 
well  marked  leucocytic  infiltration  into  the  lesions. 
Many  of  the  leucocytes  are  brokjen  down,  but  there 
are  also  many,  both  in  the  interior  and  at  the  margins 
of  the  lesions,  which  show  a  good  protoplasmic  stain  ; 
iihe  process  of  leucocytic  invasion  therefore  appears 
to  be  still  actively  going  on.  Bacilli  are  not 
demonstrable  in  any  of  the  cells  giving  a  good 
oxyphil  stain. 

Calf  250. — Died  30  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  bovine  culture.  The  lesions  are 
larger  than  in  Calf  244,  contain  bacilli  in  greatly 
increased  numbers,  and  are  obviously  expanding.  In 
addition  to  a  large  number  of  broken  down  leucocytes 


within  the  lesions,  leucocytes  with  well  stained  pro- 
toplasm are  also  demonstrable  in  these  situations, 
but  are  less  numerous  than  in  Calf  244  ;  the  activity 
of  the  leucocytic  infiltration  appears  to  be  falling  off, 
and  outside  the  lesions  these  cells  are  scanty.  Within 
the  lesions,  many  of  the  cells  giving  a  good  pro- 
toplasmic stain  contain  bacilli. 

Calf  352. — Died  40  days  after  subcutaneous  inocu- 
lation with  10  mg.  of  a  bovine  virus.  The  lesions  are 
of  the  ordinary  progressive  type.  At  their  margins 
leucocytes  are  moderately  numerous,  the  majority 
being  broken  down.  Bacilli  are  less  numerous  than  in 
Calf  250. 

Calf  360. — Killed  91  days  after  subcutaneous  inocu- 
lation with  10  mg.  of  a  bovine  virus.  The  lesions  are 
of  the  same  type  as  in  the  last  animal,  but  bacilli  are 
much  more  abundant,  and  at  the  periphery  of  the 
lesions  numerous  leucocytes  are  found  ;  a  considerable 
number  of  these  cells  are  ingesting  bacilli.  Apparently 
the  multiplication  of  bacilli  has  been  coincident  with 
an  increased  activity  on  the  part  of  the  leucocytes. 

Calf  965. — Killed,  when  moribund,  60  days  after 
subcutaneous  inoculation  with  a  human  virus  of  high 
virulence  for  the  bovine.  Caseous,  progressive  lesions 
are  present,  but,  compared  with  other  lesions  of  the 
acute  type,  bacilli  are  not  very  numerous.  Leuco- 
cytes, the  great  majority  of  which  fail  to  take  a  pro- 
toplasmic stain,  are  numerous  at  the  periphery  of  the 
lesions. 

Calf  693. — Died  63  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  human  bacilli  possessing  high 
virulence  for  the  bovine.  Caseous,  progressive  lesions 
of  the  ordinary  acute  type  are  present.  At  their 
periphery  bacilli  are  numerous  and  in  this  situation 
leucocytes  are  to  be  found  ;  though  most  of  them  are 
broken  down,  a  smaller  number  take  an  oxyphil  stain. 
The  general  appearance  indicates  only  a  slight  degree 
of  activity  on  the  part  of  the  leucocytes. 

Later  Lesions — Intermediate. 

Calf  426. — Died  29  days  after  subcutaneous  inocu- 
lation with  200  mg.  of  a  porcine  virus  which,  iti  the 
majority  of  experiments  was  found  to  be  of  relatively 
low  virulence  for  the  bovine.  The  liver  contains 
numerous  minute,  slightly  caseous  foci,  in  which 
bacilli  are  scanty.  The  lesions  have  no  definite 
boundary  zone,  but  are  infiltrated  with  cells,  amongst 
which  leucocylies  are  numerous.  Many  of  the  leuco- 
cytes fail  to  take  a  protoplasmic  stain,  but  a  con- 
siderable number  of  them  show  a  finely  granular 
protoplasm  ;  no  coarsely  granular  leucocytes  have  been 
found. 

Calf  301. — Killed,  when  moribund,  38  days  after 
subcutaneous  inoculation  with  a  tissue  emulsion 
containing  human  bacilli  found  to  be  of  variable 
virulence  for  the  bovine.  Numerous  miliary  tubercles 
are  present  ;  they  often  contain  giant  cells,  and  show 
less  tissue  destruction  and  more  tendency  to  the 
formation  of  a  fibrous  periphery  than  is  usual  in  acute 
lesions.  Bacilli  are  very  numerous  in  the  lesions. 
Multinuclear  leucocytes  are  fairly  plentiful  in  the 
same  situations  ;  the  majority  of  them  show  a 
definite,  but  not  a  very  coarse,  gxanulation.  Some  of 
the  cells  giving  an  oxyphil  stain  contain  bacilli. 

Calf  153. — Killed,  when  moribund,  39  days  after 
subcutaneous  inoculation  with  an  emulsion  of  tissue 
containing  bacilli  belonging  to  a  human  virus  isolated 
from  sputum.  The  lesions,  though  resembling  the 
acute  type  in  their  irregular  outline  and  the  absence 
of  a  well  marked  boundary  zone,  contain  fewer  bacilli 
and  show  a  larger  infiltration  with  wandering  cells 
than  is  usual  with  very  acute  lesions.  Leucocytes  are 
numerous  in  the  lesions  ;  some  of  them  have  lost 
their  granulation,  but  the  majority  are  distinctly 
granular,  and  in  a  considerable  number  the  granules 
are  coarse.  Bacilli  are  scanty,  and  none  have  been 
found  actually  being  ingested  by  leucocytes. 

Calf  191. — Killed,  when  moribund,  60  days  after 
subcutaneous  inoculation  with  an  emulsion  of  tissue 
containing  bacilli,  estimated  at  about  2^  million, 
derived  from  a  human  virus  of  high  virulence  for  the 
bovine.    The  liver  contains  large   tubercles  in  an 


Histology — Leucocytes. 


141 


advanced]  stage  of  caseation  and  also  smaller  lesions, 
showing  little  or  no  caseation.  The  lesions  are  sur- 
rounded by  a  well  marked  cellular  zone,  but  this 
shows  only  occasional  signs  of  fibroid  transformation. 
Bacilli  are  rather  scanty.  The  characters  of  the 
leucocytes,  and  their  relations  to  the  bacilli,  are 
identical  with  those  found  in  Calf  153. 

Calf  440.— Died  72  days  after  subcutaneous  inocu- 
lation with  an  equine  virus  of  high  virulence  for  the 
bovine.  In  one  of  the  specimens  the  only  lesion  is  a 
small  tubercle  which  is  completely  caseous  in  the 
centre  and  has  a  well  marked  cellular  periphery  ;  at 
the  periphery  bacilli  are  numerous  but  none  have 
been  found  within  intact  leucocytes  ;  these  cells 
are  moderately  numerous,  many  of  them  being  broken 
down.  In  another  specimen  there  are  several  small, 
partially  necrotic  lesions  with  a  less  well-defined  peri- 
phery and  containing  fewer  bacilli  ;  in  these  lesions 
there  is  a  sprinkling  of  leucocytes  ;  some  of  them  have 
lost  their  protoplasm,  whilst  many  are  finely  granular  ; 
no  coarsely  granular  forms  have  been  found. 

Later  Lesions— Chronic. 

Calf  767.— Killed  25  days  after  subcutaneous  inocula- 
tion with  50  mg.  of  human  bacilli  possessing  low 
virulence  for  the  bovine.  The  liver  contains  a  few 
minute  tubercles  which  are  surrounded  by  fibroblasts 
and  in  some  cases  contain  giant  cells.  No  bacilli  have 
been  found  in  the  lesions,  but  leucocytes  are  moderately 
numerous  and  are  generally  granular. 

CalflS5. — Killed  40  days  after  subcutaneous  inocula- 
tion with  -75  cc.  of  an  old  culture  belonging  to  a 
human  virus  of  low  virulence  for  the  bovine.  The 
liver  shows  several  small  lesions  which  are  slightly 
caseous,  contain  many  giant  cells,  are  surrounded  by 
fibroblasts,  and  in  every  respect  are  typical  of  the 
chronic,  retrogressive  stage.  Multinuclear  leucocytes 
are  abundant  in  the  tubercles,  and  in  these  situations 
are  filled  with  rather  small  but  well  defined  granules. 
These  cells  also  occur  in  moderately  large  numbers 
throughout  the  liver  substance,  generally  exhibiting  a 
granulation,  but  not  always  such  a  definite  granulation 
as  in  the  lesions.  Bacilli  are  extremely  scanty  ;  those 
found  occur  within  giant  cells. 

Calf  165. — Killed  57  days  after  subcutaneous  in- 
oculation with  an  emulsion  of  tissue  containing 
bacilli,  estimated  at  about  4i  million,  derived  from  a 
human  virus  of  low  virulence  for  the  bovine.  The 
liver  contains  typical  tubercles,  surrounded  by  fibro- 
blasts, containing  giant  cells  but  very  few  bacilli,  and 
evidently  non-progressive.  Leucocytes  are  fairly 
numerous  in  the  lesions  ;  the  majority  are  granular, 
and  in  the  case  of  some  the  granules  are  rather  coarse 
and  show  a  tendency  to  escape  from  the  cell  body. 

Calf  312. — Killed  90  days  after  subcutaneous  inocula- 
tion with  a  porcine  virus  found  not  to  possess  high 
virulence  for  the  bovine.  The  lesions  present  are 
small,  not  necrotic,  and  show  little  or  no  fibrous 
boundary  ;  a  few  giant  cells  occur,  but  bacilli  are  very 
rare.  The  main  feature  of  the  lesions  is  that  they  are 
infiltrated  with  large  numbers  of  lymphocytes  and  a 
smaller  number  of  leucocytes.  Many  of  the  leucocytes 
fail  to  take  a  protoplasmic  stain  ;  the  remainder  are 
finely  granular. 

Calf  525. — Killed  90  days  after  subcutaneous  inocula- 
tion with  50  mg.  of  a  human  virus  of  high  virulence 
for  the  bovine.  The  liver  shows  small  tubercles  con- 
taining many  giant  cells  but  very  little  completely 
necrotic  material  ;  the  periphery  of  the  lesions  contains 
fibroblasts  and  large  numbers  of  lymphocytes  ;  leuco- 
cytes are  also  present  but  are  relatively  few  in 
number ;  most  of  those  found  are  of  the  finely 
granular  type.  No  bacilli  have  been  found.  The 
relative  scarcity  of  leucocytes  may  be  associated  with 
the  absence  of  bacilli  and  the  paucity  of  breaking 
down  tissue. 

Calf 360. — Killed  91  days  after  subcutaneous  inocula- 
tion with  10  mg.  of  bovine  bacilli.    The  liver  contains 


a  few  small  caseo-calcareous  foci  which  have  a  dense 
boundary  of  fibroblasts  and  are  infiltrated  with  a 
considerable  number  of  finely  granular  oxyphil 
leucocytes.    Bacilli  are  scanty. 

Heifer  30. — Killed  115  days  after  subcutaneous 
inoculation  with  an  emulsion  of  tissue  containing 
bacilli  (probably  scanty  in  number)  of  bovine  origin. 
The  liver  contains  large  caseous  tubercles  which  are 
completely  surrounded  by  a  very  dense  fibrous  zone, 
which  is  not  completely  avascular,  but  appears  to  be 
extending  peripherally.  Bacilli  are  very  rare.  The 
tubercles  contain  extremely  large  numbers  of  leuco- 
cytes, both  internal  to  the  fibrous  zone  and  in  the 
interstices  of  this  zone.  These  cells  are  also  very 
numerous  outside  the  fibrous  periphery.  They  all 
take  a  well  marked  oxyphil  stain,  and  tend  to  have 
rather  a  coarse  granulation,  especially  when  occurring 
amongst  the  fibrous  tissue. 

After  Intravenous  Inoculation. 

Calves  529,  831,  551,  and  749. — These  animals  all 
died  at  early  periods  (13,  17,  21,  and  24  days)  after 
intravenous  inoculation  with  a  large  dose  of  bacilli  of 
human  origin.  The  livers  show  a  tendency  to  diffuse 
necrotic  change  and  also  contain  small  cellular  foci, 
hardly  definite  enough  to  be  called  tubercles,  in  which 
leucoyctes  occur,  but  not  in  large  numbers.  Bacilli 
are  generally  distributed  throughout  the  tissues,  but 
in  all  four  livers  there  is  an  absence  of  any  definite 
evidence  that  they  are  being  attacked  by  the  leucocytes. 
No  bacilli  have  been  found  within  leucocytes.  Leuco- 
cytes are  scanty  on  the  whole,  but  more  numerous  in 
the  13  days'  animal  (Calf  529)  than  in  the  others. 

Calf  305. — Killed,  when  moribund,  26  days  after 
intravenous  inoculation  with  an  emulsion  of  tissue 
containing  bacilli,  estimated  at  730  million,  derived 
from  a  human  virus  of  low  virulence  for  the  bovine 
when  inoculated  subcutaneously.  Throughout  the 
substance  of  the  liver  minute  tubercles  are  distributed 
in  very  large  numbers.  They  show  some  tendency  to 
caseation  but  the  amount  of  tissue  destruction  is  small, 
relatively  to  the  large  numbers  of  bacilli  present. 
Leucocytes  are  found  in  fairly  large  numbers  in  all 
the  lesions  and  take  an  oxyphil  stain,  but  without 
marked  granulation  ;  they  occur  even  in  the  earliest 
lesions,  where  the  liver  cells  show  any  sign  of  breaking 
down.  But  apart  from  the  lesions  leucocytes  are 
scanty.  In  this  case,  therefore,  the  leucocytes  appear 
to  have  been  definitely  attracted  to  the  sites  where  the 
bacilli  have  commenced  to  set  up  degenerative  change. 

Calf  399. — Killed,  when  moribund,  34  days  after 
intravenous  inoculation  with  an  emulsion  of  tissue 
containing  bacilli,  estimated  at  700  million,  derived 
from  a  human  virus  of  low  virulence  for  the  bovine 
when  inoculated  subcutaneously.  The  condition  of 
the  liver,  as  regards  lesions,  leucocytes,  and  bacilli,  is 
identical  with  that  of  Calf  305. 

Calf  319. — Killed,  when  moribund,  57  days  after 
intravenous  inoculation  with  an  emulsion  of  tissue 
containing  bacilli,  estimated  at  over  100  million, 
derived  from  a  human  virus  of  low  virulence  for  the 
bovine  when  inoculated  subcutaneously.  Throughout 
the  liver  bacilli  are  very  numerous  and  have  evidently 
multiplied  freely,  but  they  have  produced  very  little 
tissue  reaction  and  have  not  led  to  the  formation  of 
any  deSnite  tubercles.  Leucocytes,  oxyphil  but  non- 
granular, are  scattered  throughout  the  liver  singly 
or  in  twos  and  threes,  but  none  have  been  found  in 
immediate  contact  with  bacilli. 

Calf  361. — Killed  76  days  after  intravenous  inocu- 
lation with  an  emulsion  of  tissue  containing  bacilli, 
estimated  at  41^  million,  derived  from  a  human  virus 
of  low  virulence  for  the  bovine  when  inoculated  sub- 
cutaneously. The  liver  contains  typical  chronic, 
circumscribed  tubercles,  in  which  bacilli  are  rare. 
Within  the  lesions  and  at  their  periphery  leucocytes 
are  moderately  numerous  and  are  generally  finely 
granular  ;  apart  from  the  tubercular  foci  leucocytes 
are  relatively  scanty. 


(4.)  In  the  Kidneys. 


The  following  examples  are  arranged  in  order,  Calf  5^9.— Died  13  days  after  intravenous  inocula- 
according  to  the  duration  of  the  experiment  and  tion  with  an  emulsion  of  tissue  containing  bacilli, 
tjommencmg  with  the  shortest :—  estimated  at  about  1,000   million,  derived  from  a 
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human  virus.  There  is  a  slight  degree  of  interstitial 
infiltration,  but  no  histologically  tubercular  lesions 
have  been  found.  Tubercle  bacilli  are  present  in 
scanty  numbers  in  the  interstitial  tissue,  and  a  few 
have  been  found  within  glomeruli.  Leucocytes  are 
in  excess  of  the  normal,  but  not  at  all  numerous  ; 
they  show  no  close  relationship  to  the  bacilli. 

Calf  288. — Killed  14  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  bovine  bacilli.  There  are 
several  small  lesions  in  the  cortex  and  there  are  patches 
showing  a  slight  degree  of  cellular  infiltration  between 
the  tubules.  In  these  situations  bacilli  are  found,  but 
in  very  small  numbers.  None  of  them  have  been 
found  within  leucocytes  ;  these  cells,  of  the  ordinary 
finely  granular  variety,  are  present  in  the  lesions,  but 
only  in  small  numbers. 

Calf  831. — Died  17  days  after  intravenous  inocula- 
tion with  an  emulsion  of  tissue  containing  bacilli, 
estimated  at  about  1,000  million,  derived  from  a 
human  virus  of  low  virulence  for  the  bovine  when 
inoculated  subcutaneously.  In  addition  to  the  inter- 
stitial infiltration,  similar  to  that  described  above  in 
Calf  529,  there  are  recognisably  tubercular  lesions, 
surrounded  by  a  zone  of  lymphocytes  and  leucocytes 
and  containing  in  their  centres  partially  obliterated 
renal  cells.  Bacilli  are  numerous.  The  leucocytes 
are  not  very  plentiful  and  do  not  appear  definitely  to 
be  attacking  the  bacilli ;  some  of  the  leucocytes  are 
broken  down. 

Calf  551. — Died  21  days  after  intravenous  inocula- 
tion with  100  mg.  of  culture  derived  from  a  human 
virus  of  low  virulence  for  the  bovine  when  inoculated 
subcutaneously.  The  only  histological  change  is  a 
slight  degree  of  interstitial  infiltration,  similar  to  that 
found  in  Calf  529.  Both  bacilli  and  leucocytes  are 
rare  and  there  appears  to  be  no  close  relationship 
between  the  two. 

Calf  325. — Killed,  when  moribund,  24  days  after 
subcutaneous  inoculation  with  an  emulsion  of  tissue 
containing  bacilli,  estimated  at  about  500  million, 
which  were  of  human  origin  and  had  acquired  high 
virulence  for  the  bovine.  Numerous  small,  breaking 
down  tubercles  are  present ;  they  contain  large  numbers 
of  bacilli  and  are  obviously  of  an  acutely  progressive 
character.  In  the  lesions  the  leucocytes,  many  of 
which  are  broken  down,  are  numerous  and  are 
obviously  attacking  the  bacilli. 

Calf  305. — Killtd,  when  moribund,  26  days  after 
intravenous  inoculation  with  an  emulsion  of  tissue 
containing  bacilli,  estimated  at  about  730  million, 
derived  from  a  human  virus  of  low  virulence  for  the 
bovine  when  inoculated  subcutaneously.  The  condi- 
tion is  similar  to  that  of  Calf  529.  There  is  a  slight 
degree  of  interstitial  infiltration,  associated  with  scanty 
numbers  of  bacilli.  The  leucocytes  are  not  numerous 
and  do  not  appear  to  be  actively  attacking  the  bacilli. 

Calf  489. — Killed,  when  moribund,  28  days  after 
subcutaneous  inoculation  with  50  mg.  of  a  human 
virus  of  high  virulence  for  the  bovine.  The  lesions 
are  not  very  numerous ;  some  of  them  are  only 
slightly  caseous ;  in  others  the  caseation  is  more 
advanced.  Bacilli  are  numerous  in  the  latter  lesions 
bat  rather  scanty  in  the  former.  All  the  lesions  have 
a  broad  margin  of  cellular  infiltration,  amongst  which 
nnely  granular  oxyphils  are  present  but  scanty.  More 
in  the  interior  of  the  older  lesions  no  cells  with 
oxyphil  protoplasm  are  demonstrable  but  there  is 
much  nuclear  debris,  some  of  which  may  represent 
broken  down  leucocytes.  The  main  feature  of  the 
specimen  is  that  there  is  no  evidence  of  recent  attrac- 
tion of  leucocytes  towards  the  bacilli  or  the  tubercles. 
In  the  normal  portions  of  the  tissue  leucocytes  are 
scanty. 

Calf  301. — Killed,  when  moribund,  33  days  after 
subcutaneous  inoculation  with  an  emulsion  of  tissue 
containing  bacilli,  estimated  at  about  540  million, 
derived  from  a  human  virus  which  became  of  increased 
virulence  for  the  bovine.  The  tissue  contains  many 
small  disseminated  tubercles  which  are  breaking  down, 
contain  numerous  bacilli,  and  are  clearly  progressive 
in  type.  In  some  of  the  lesions  the  leucocytes  are 
not  very  numerous  and  generally  exhibit  a  finely 
granular  protoplasm  ;  in  others  the  leucocytes  are 
more  numerous  but  many  of  them  are  broken  down 
and  fail  to  take  a  protoplasmic  stain. 


Calf  3 87. — Killed,  when  moribund,  34  days  after 
subcutaneous  inoculation  with  50  mg.  of  a  human 
virus  of  high  virulence  for  the  bovine.  Small,  caseous 
lesions  are  present.  They  have  irregular  margins, 
with  no  indication  of  demarcation,  and  contain  fairly 
large  numbers  of  bacilli.  Leucocytes  of  the  finely 
granular  type,  and  giving  a  good  oxyphil  stain,  are 
fairly  abundant  in  the  lesions.  There  is  also  a  con- 
siderable sprinkling  of  these  cells  in  the  non-tubercular 
parts  of  the  tissue.  The  general  appearance  indicates 
a  recent  immigration  of  leucocytes  and  a  definite 
attraction  of  these  cells  to  the  tubercles. 

Calf  121. — Killed  36  days  after  subcutaneous  inocu- 
lation with  an  emulsion  of  tissue  containing  bacilli, 
estimated  at  about  360  million,  derived  from  a  human 
virus  of  high  virulence  for  the  bovine.  Two  small 
tubercular  foci  have  been  found,  containing  very  few 
bacilli  and  showing  very  little  tissue  destruction. 
Oxyphil  leucocytes  occur  in  these  two  situations,  and 
in  one  of  them  there  is  a  small  group  of  these  cells. 
The  leucocytes  are  markedly  granular,  and  some  of 
them  have  shed  their  granules.  These  foci  are  a  good 
example  of  early  les^ions  of  the  chronic,  and  probably 
retrogressive,  type. 

Heifer  197. — Killed,  when  moribund,  51  days  after 
subcutaneous  inoculation  with  an  emulsion  of  tissue 
containing  bacilli,  estimated  at  about  85^  million, 
derived  from  a  human  virus  of  high  virulence  for 
the  bovine.  The  tissue  contains  large  circumscribed 
tubercles,  circular  in  outline  and  showing  progressive 
caseation  with  a  slight  tendency  to  calcification. 
Bacilli  are  scanty.  Leucocytes  are  very  abundant  in 
the  lesions.  With  the  exception  of  those  in  the 
centre,  many  of  which  are  broken  down,  the  leuco- 
cytes are  markedly  granular,  the  granules,  in  difEereat 
cells,  showing  differences  in  size  and  varying  from  the 
fine  to  the  distinctly  coarse. 

Calf  141. — Killed  53  days  after  subcutaneous  inocu- 
lation with  an  emulsion  of  tissue  containing  bacilli, 
estimated  at  about  250,000,  derived  from  a  human 
virus  of  high  virulence  for  the  bovine.  The  tissue 
shows  numerous  lesions,  which  contain  many  bacilli, 
and  are  evidently  progressive.  In  the  more  advanced 
and  caseating  tubercles  multinuclear  leucocytes  are 
abundant  and  generally  show  a  well  marked  granula- 
tion ;  in  the  earlier  foci  leucocytes  are  also  present, 
but  in  relatively  smaller  numbers.  The  general 
appearance  indicates  a  definite  attraction  of  leucocytes 
to  the  tubercles. 

Calf  319. — Killed,  when  moribund,  57  days  after 
intravenous  inoculation  with  an  emulsion  of  tissue 
containing  bacilli,  estimated  at  about  100  million, 
derived  from  a  human  virus  of  low  virulence  for  the 
bovine  when  inoculated  subcutaneously.  There  is  an 
extensive  interstitial  infiltration,  with  some  patches  of 
commencing  necrosis,  but  the  lesions  are  not,  histo- 
logically, typical  of  tuberculosis.  Bacilli  are  present 
in  very  large  numbers.  Oxyphil  leucocytes,  many  of 
which  have  retained  a  finely  granular  protoplasm,  are 
numerous  in  the  sites  which  show  commencing 
necrotic  change,  but  are  less  frequent  in  other  parts 
of  the  infiltrated  areas.  No  bacilli  have  been  found 
within  leucocytes. 

Calf  191. — Killed,  when  moribund,  60  days  after 
subcutaneous  inoculation  with  an  emulsion  of  tissue 
containing  bacilli,  estimated  at  2J  million,  derived 
from  a  human  virus  of  high  virulence  for  the  bovine. 
The  kidneys  show  discrete,  fibro-caseous  tubercles 
containing  moderate  numbers  of  bacilli.  Though 
chronic  in  type  and  showing  features  indicative  of 
conservative  change,  the  lesions  cannot  be  regarded  as 
definitely  retrogressive.  They  contain  numerous 
leucocytes  which  are  markedly  granular  and  have  a 
tendency  to  shed  their  granules. 

Calf  122. — Killed  64  days  after  subcutaneous  inocu- 
lation with  an  emulsion  of  tissue  containing  bacilli, 
estimated  at  about  1  million,  derived  from  a  bovine 
virus.  There  are  several  caseo-calcareous  tubercles 
of  circular  outline,  bordered  by  fibrous  tissue  and 
containing  peripherally  many  giant  cells.  Smaller 
tubercles,  showing  little  or  no  caseation,  are  also 
present  ;  and  there  are  also  some  narrow,  wedge- 
shaped  patches  of  cellular  infiltration.  Bacilli  have 
not  been  found  in  the  last-mentioned  situation  and 
are  scanty  in  the  other  lesions.     Finely  granular 
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oxyphil  leucosyfces  are  scattered  in  large  numbers 
throughout  the  older  tubercular  foci,  except  in  regions 
of  complete  necrosis.  Of  the  smaller  and  less  ad- 
vanced foci,  some  contain  many  leucocytes  and  others 
very  few.  In  the  wedge-shaped  patches  of  infiltration 
leucocytes  are  not  numerous. 

Calf  128.— Killed  G4  days  after  subcutaneous  inocu- 
lation with  an  emulsion  of  tissue  containing  bacilli, 
estimated  at  110,000,  derived  from  a  bovine  virus. 
The  kidneys  contain  many  caseating  tubercles  _  in 
which  bacilli  are  rare.  The  lesions  are  extensive, 
irregular  in  outline,  and  probably  slowly  progressive. 
Oxyphil  leucocytes  are  found  in  the  lesions  in  large 
numbers  and  are  often  collected  into  groups  within 
or  near  sites  of  commencing  necrosis.  Many  of  the 
cells  are  coarsely  granular. 

C«?/^6i.— Killed  76  days  after  intravenou?  inocu- 
lation with  an  emulsion  of  tissue  containing  bacilli, 


estimated  at  41|-  million,  derived  from  a  human  virus 
of  low  virulence  for  the  bovine  when  inoculated 
subcutaneously.  The  tissue  contains  small,  caseous 
tubercles  in  which  bacilli  are  scanty.  The  tubercles 
are  surrounded  by  a  well  defined  cellular  zone.  Leuco- 
cytes are  rather  scanty  in  some  of  the  lesions,  but 
more  numerous  in  others.  Many  of  them  are  coarsely 
granu'ar. 

Calf7S7. — Died  81  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  human  bacilli  possessing  high 
virulence  for  the  bovine.  There  are  numerous 
caseating  lesions,  rich  in  bacilli  and  obviously  of  the 
progressive  type.  Oxyphil  leucocytes,  finely  granular 
and  with  a  well  stained  protoplasm,  are  exceptionally 
numerous,  both  at  the  periphery  and  in  the  interior 
of  the  lesions.  There  appears  to  have  been  a  recent 
copious  immigration  of  these  cells,  which  are  actively 
attacking  the  bacilli. 


(5.)  In  Lymphatic  Glands. 


After  Tdberculin. 

Calf  135. — Killed  159  days  after  subcutaneous 
inoculation  with  tissue  containing  bacilli  of  human 
origin  and  of  low  virulence  for  the  bovine.  Tuber- 
culin was  inoculated  on  the  right  side  of  the  neck  19 
hours  before  the  animal  was  killed.  Rise  of  tempera- 
ture, 2-4°  C.  As  examples  of  non-tubercular  glands 
in  an  infected  animal  which  had  just  previously 
reacted  to  tuberculin,  the  three  following  glands  were 
investigated.  They  were  found  to  be  free  from 
bacilli  and  from  any  histological  evidence  of  tuber- 
culosis. (1)  Eight  Prescapular  Gland.  Coarsely 
granular  eosinophils  occur  in  small  numbers  through- 
out the  gland.  There  is  a  very  large  increase  in  the 
finely  granular  oxyphils,  particularly  in  the  lymph 
sinuses,  many  of  which  are  packed  full  of  them. 
They  are  not,  however,  very  uniformly  distributed. 
From  the  lymph  sinuses  the  cells  are  seen  passing 
into  the  lymphoid  tissue.  (2)  Left  Popliteal  Gland. 
Coarsely  granular  oxyphils  are  present  in  small 
numbers.  Finely  granular  oxyphils  are  less  abundant 
than  in  the  right  prescapular  gland,  but  are  numerous 
in  patches,  both  in  the  lymph  sinuses  and  in  the  midst 
of  the  lymphoid  tissue.  (3)  A  Mesenteric  Gland. 
The  number  of  coarsely  granular  oxyphils  is  rather 
greater  than  in  the  left  popliteal  gland,  and  the 
number  of  finely  granular  is  rather  less.  These 
observations  indicate  that  in  an  infected  animal  inocu- 
lation with  tuberculin  is  immediately  followed  by  an 
increase  in  the  number  of  finely  granular  oxyphils 
present  in  the  lymphatic  glands,  the  increase  being- 
observable  in  glands  remote  from  the  site  of  inocula- 
tion, though  more  marked  in  the  nearest  glands.  The 
coarsely  granular  oxyphils,  normally  present  in 
lymphatic  glands,  do  not  seem  to  be  affected  either  iu 
number  or  appearance. 


Early  Lesions. 

Calf  438. — Killed  24  hours  after  subcutaneous 
inoculation  in  the  neck  with  44  mg.  of  bovine  bacilli. 
The  pi-escapular  gland  on  the  same  side  of  the  neck 
contains  a  few  bacilli,  but  no  leucocytes  have  been 
found  in  association  with  them.  Finely  granular 
oxyphils  are  present  in  the  gland,  and  in  some  of  the 
lymph  sinuses,  particularly  in  the  medullary  portion, 
they  are  present  in  considerable  numbers,  distinctly 
above  the  normal  ;  they  are  much  less  numerous, 
however,  than  in  the  prescapular  gland  of  Calf  135, 
killed  19  hours  after  inoculation  with  tuberculin. 

Calf  284. — Killed  three  days  after  subcutaneous 
noculation  with  50  mg.  of  bovine  bacilli.  In  the 
glands  near  to  the  seat  of  inoculation  (prescapular  and 
prepectoral)  bacilli  .are  not  very  numerous  and  are 
not  directly  associated  with  leucocytes,  but  these  cells 
(finely  granular)  occur  in  large  numbers,  particularly 
in  the  medullary  part  of  the  gland  and  the  inter- 
mediate region  between  medulla  and  cortex,  whereas 
the  bacilli  are  found  in  the  cortex. 

Calf  873. — Killed  three  days  after  subcutaneous 
inoculation  with  50  mg.  of  human  bacilli  possessing 
low  virulence  for  the  bovine.    In  the  nearest  gland 


(prescapular)  bacilli  are  moderately  numerous,  being 
freely  distributed  throughout  the  cortical  part  of  the 
gland,  and  in  some  places  have  produced  slight  degene- 
rative change  in  the  gland  substance.  Finely  granular 
leucocytes  are  abundant  and  are  often  collected  into 
groups.  There  is  no  evidence,  however,  that  they  are 
directly  attacking  the  bacilli.  In  a  specimen  stained 
by  carbol-fuchsin,  followed  by  eosin  and  then  by 
methylene  blue,  the  absence  of  relationship  between 
the  leucocytes  and  the  bacilli  is  noteworthy.  In 
searching  the  specimen  with  the  oil-immersion  lens, 
fields  may  be  found  containing  from  5  to  20  bacilli 
but  without  a  single  leucocyte  in  view  ;  when  bacilli 
and  leucocytes  are  present  in  the  same  field,  the 
bacilli  are  not  found  either  within  or  in  contact  with 
the  leucocytes  ;  and  leucocytes  very  frequently  occur, 
both  singly  and  in  groups,  where  there  are  no  bacilli. 

Calf  292. — Killed  eight  days  after  subcutaneous 
inoculation  with  50  mg.  of  a  bovine  virus.  In  the 
prescapular  gland,  on  the  same  side  of  the  body,  both 
bacilli  and  leucocytes  are  very  abundant,  and  there 
are  many  areas  of  early  necrotic  change.  The  leuco- 
cytes are  of  the  finely  granular  and  non-granular 
types  :  the  majority  of  them,  though  giving  a  good 
oxyphil  stain,  show  no  sign  of  granulation  under  the 
oil-immersion  lens  ;  and  some  of  the  leucocytes  have 
lost  their  protoplasmic  stain.  Not  unfrequently  leuco- 
cytes are  found  dividing  amitotically  ;  a  spherical 
portion  of  the  nucleus  breaks  off,  and  gives  rise  to  the 
small  mononuclear  oxyphil  leucocyte.  The  leucocytes 
have  definitely  converged  upon  the  foci  where  bacilli 
are  numerous,  and  both  those  which  retain  and  those 
which  have  lost  their  protoplasmic  stain  are  found  in 
close  contact  with  the  bacilli.  In  a  specimen  stained 
to  show  both  the  bacilli  and  the  oxyphil  protoplasm 
of  the  leucocytes,  bacilli  are  found  actually  within  the 
eosinophil  protoplasm  of  the  leucocytes,  though  they 
occur  more  frequently  within  other  cells.  In  a  portal 
gland  the  same  condition  is  found  as  in  the  prescapular, 
the  leucocytes  again  manifesting  active  phagocytosis  ; 
some  of  the  leucocytes,  though  retaining  their  oxyphil 
stain,  contain  several  bacilli  ;  the  protoplasm  of  the 
leucocytes  is  non-granular.  In  a  bronchial  gland  the 
invasion  of  bacilli  appears  to  be  more  recent,  and 
bacilli  are  scantier.  They  are  not  directly  associated 
with  leucocytes.  There  are  large  masses  of  finely 
granular  oxyphil  leucocytes,  particularly  in  the 
medulla  ;  a  few  coarsely  granular  oxyphils  are  also 
present.  In  a  mediastinal  gland  bacilli  are  more 
numerous,  and  in  some  places  have  produced  slight 
lesions  ;  there  is  again  an  absence  of  direct  relation- 
ship between  the  bacilli  and  the  leucocytes.  In  a 
popliteal  gland  bacilli  are  present  but  are  very  rare 
on  the  whole.  There  is,  however,  one  small  clump 
consisting  of  between  30  and  40.  In  this  last 
situation  there  are  the  nuclear  fragments  of  several 
leucocytes. 

Calf  881. — Killed  8  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  human  bacilli  of  low  virulence 
for  the  bovine.  In  the  nearest  glands  (prescapular 
and  prepectoral)  bacilli  though  freely  distributed,  are 
much  less  numerous  than  in  Calf  292  and  have  pro- 
duced less  extensive  lesions.  Leucocytes  are  fairly 
numerous  but  no  large  groups  of  these  cells  have  been 
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found.  No  bacilli  have  been  found  either  actually 
within  or  in  immediate  contact  with  leucocytes.  A 
cervical  gland  has  also  been  examined  and  been  found 
to  be  in  the  same  condition  as  the  prescapular. 

Calf  288. — Killed  14  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  a  bovine  virus.  In  the  nearest 
glands  (prescapular  and  prepectoral)  bacilli  are  very 
numerous  throughout,  and  there  is  advanced  tissue 
destruction.  Leucocytes,  a  great  many  of  which  have 
broken  down  and  lost  their  protoplasmic  stain,  are 
vigorously  attacking  the  bacilli  and  ingesting  them. 
In  a  mediastinal  gland  the  lesions,  though  numerous 
and  commencing  to  caseate  are  much  less  advanced. 
They  contain  numerous  bacilli  and  large  numbers  of 
oxyphils  ;  these  cells  retain  their  protoplasmic  stain 
better  than  the  corresponding  cells  in  the  preceding 
glands  ;  they  are  definitely  attacking  and  ingesting 
the  bacilli.  In  a  popliteal  gland  theie  are  earlier 
deposits  of  bacilli,  in  rather  small  numbers,  in  places 
showing  slight  caseous  change.  Leucocytes  are 
numerous  and  have  been  definitely  attracted  to  the 
tubercular  foci.  A  few  bacUli  are  definitely  within 
leucocytes,  but  the  great  number  are  within,  or 
attached  to,  cells  of  other  types.  The  majority  of 
the  leucocytes  give  a  good  protoplasmic  stain  but 
show  no  granulation. 

Calf  869. — Killed  14  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  a  human  virus  of  low  virulence 
for  the  bovine.  In  the  nearest  glands  (prescapular 
and  prepectoial)  bacilli  are  numerous,  though  less 
numerous  than  in  the  corresponding  glands  of 
Calf  288,  and  in  the  cortex  have  produced  extensive 
tracts  of  commencing  necrosis.  In  these  areas  leuco- 
cytes are  very  numerous  and  some  are  attacking  and  in- 
gesting the  bacilli.  In  a  bronchial  and  a  mediastinal 
gland  there  are  a  few  minute  lesions,  in  which  bacilli  are 
scanty.  No  distinct  relationship  can  be  observed 
between  the  bacilli  and  the  leucocytes. 

Calf  436. — Died  16  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  an  equine  virus  possessing  high 
virulence  for  the  bovine.  A  mediastinal  gland  con- 
tains numerous  small  foci  which  contain  many  bacilli 
are  commencing  to  caseate,  and  show  no  demarcation 
zone.  Leucocytes  are  abundant  in  these  areas,  many 
of  them  being  broken  down.  Kome  of  the  bacilli 
are  actually  within  leucocytes. 


Later  Lesions— Acute. 

Calf  849. — Died  23  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  human  bacilli  possessing  high 
virulence  for  the  bovine.  In  a  mediastinal  gland 
there  are  many  caseous  foci  of  the  ordinary  acute 
type  and  containing  many  bacilli.  The  gland  is 
highly  vascular  and  many  vessels  are  present  even  in 
the  caseous  areas.  Broken  down  leucocytes  are 
numerous  in  the  lesions,  but  there  is  no  evidence  of 
recent  leucocytic  invasion. 

Calf  230. — Died  34  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  bovine  bacilli.  In  a  mediastinal 
gland  the  lesions  are  of  the  same  type  as  in  the  last 
specimen  but  rather  more  advanced.  In  addition  to 
the  usual  evidence  of  broken  down  leucocytes,  there 
is  some  evidence  of  a  continued  leucocytic  invasion, 
these  cells  (with  an  intact  oxyphil  protoplasm)  being 
demonstrable  both  within  the  lesions  and  circulating 
in  the  unaffected  lymph  sinuses. 

Calf  559. — Killed,  when  moribund,  39  days  after 
subcutaneous  inocuiation  with  50  mg.  of  a  strain  of 
human  bacilli  possessing  high  virulence  for  the 
bovine.  The  lesions  in  a  mediastmal  gland  are  of 
the  typical  caseous,  acutely  progressive  type  and  are 
rather  more  advanced  and  less  vascular  than  in  the 
two  preceding  specimens.  Within  the  older  lesions 
nearly  all  the  leucocytes  have  lost  their  protoplasmic 
stain,  but  at  their  periphery  leucocytes  with  a  good 
oxyphil  protoplasm,  are  fairly  numerous  ;  and  in  the 
less  affected  medullary  part  of  the  gland  large  groups 
of  oxyphils  are  sometimes  found. 

Calf  362. — Died  53  days  after  subcutaneous  inocu- 
lation with  10  mg.  of  bovine  bacilli.  A  popliteal 
gland  contains  bacilli  in  very  large  numbers.  In  the 
lesions  which  are  no^  completely  necrotic  there  are 
large  aggregations  of  leucocytes,  which  are  actively 
phagocytic. 


Calf  787. — Died  81  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  a  human  virus  of  high  virulence 
for  the  bovine.  The  lesions  in  a  mediastinal  gland 
are  typical  of  the  acute  type,  with  irregular  ramifying 
caseous  tracts  and  enormous  numbers  of  bacilli. 
Leucocytes  are  very  abundant,  both  broken  down  cells 
and  cells  which  retain  a  non-granular  oxyphil  proto- 
plasm. Even  in  the  centre  of  caseous  areas  cells 
giving  a  bright  oxyphil  stain  are  often  abundant. 
The  leucocytes  are  actively  phagocytic. 

Later  Lesions — Intermediate. 

Calf 426. — Died  29  days  after  subcutaneous  inocula 
tion  in  the  neck  with  200  mg.  of  bacilli  derived  from 
a  porcine  virus  found  in  many  experiments  to  be  of 
low  virulence  for  the  bovine.  The  prescapular  gland 
on  the  same  side  of  the  body  is  extensively  affected. 
The  lesions  are  of  the  diffuse  fibro-caseous  type  with- 
out demarcation  into  discrete  tubercles  ;  the  tendency 
to  fibrous  tissue  formation  is  much  more  marked  than 
in  acute  lesions.  Bacilli  are  scattered  all  over  the 
tissue,  and  sometimes  from  rather  large  groups. 
There  is  a  similar  general  distribution  of  leucocytes  ; 
some  have  lost  their  protoplasmic  stain,  others  aie 
oxyphil  but  non-granular,  and  others  are  finely 
granular.  Broken  down  leucocytes  often  occur  near 
groups  of  bacilli.  Bac//li  are  sometimes  found  within 
leucocytes,  but  more  frequently  within  cells  of  other 
types. 

Calf  216. — Killed  46  days  after  subcutaneous  inocula- 
tion with  25  mg.  of  bovine  bacilli.  A  bronchial  gland 
shows  extensive  ciseous  tracts,  with  no  sharp  demarca- 
tion zone,  and  the  general  appearance  of  a  slowly 
progressive  type  of  lesion.  Bacilli  are  much  less 
numerous  than  in  acute  lesions,  though  by  no  means 
scanty.  Leucocytes  are  numerous  and  are  distributed 
all  over  the  tissue,  even  in  the  caseous  material.  The 
majority  take  a  protoplasmic  stain  and  often  exhibit, 
more  or  less  distinctly,  a  fine  granulation.  The 
leucocytes  are  not  actively  converging  upon  the  bacilli. 

Calf  965. — Killed,  when  moribund,  60  days  after 
subcutaneous  inoculation  with  a  human  virus  of  high 
virulence  for  the  bovine.  A  thoracic  gland  shows 
extensive  caseous  tracts,  of  the  same  type  as  in  the 
gland  of  Calf  216,  and  containing  fewer  bacilli  than 
are  usually  found  in  acute  lesions.  A  few  giant  cells 
are  present.  Though  there  is  a  considerable  amount 
of  nuclear  debris,  there  is  no  evidence  of  a  recent 
invasion  of  leucocytes. 

Calf 406. — Killed  91  days  after  subcutaneous  inocula- 
tion with  10  mg.  of  equine  bacilli  belonging  to  a  virus 
of  relatively  low  virulence  for  the  bovine.  In  a 
mesenteric  gland  there  are  many  caseous  tubercles  with 
a  well  marked  peripheral  zone  containing  fibrous  ele- 
ments and  giant  cells.  Earlier  lesions,  slightly  caseous 
and  containing  giant  cells,  but  without  a  definite 
demarcation  zone,  are  also  present.  Tubercle  bacilli 
are  very  numerous  in  the  lesions,  and  have  often 
grown  into  colonies.  Oxyphil  leucocytes  are  present, 
both  non-granular  and  finely  granular,  both  in  the 
lesions  and  in  the  rest  of  the  tissue,  but  are  nowhere 
very  numerous.  They  &how  no  definite  evidence  of 
attacking  the  bacilli  either  at  the  periphery  of  the 
older  lesions,  where  the  bacilli  have  grown  into 
colonies,  or  in  the  earlier  lesions,  where  bacilli  are  also 
numerous.  In  the  central  parts  of  the  older  lesions 
there  are  many  partially  broken  down  leucocytes 
which  contain  bacilli. 

Calf 474. — Killed  92  days  after  subcutaneous  inocula- 
tion with  50  mg.  of  a  bovine  virus.  A  bronchial  gland 
is  extensively  caseoua  and  contains  many  giant  cells. 
The  lesions  are  evidently  progressive,  though  there  is 
an  imperfect  layer  of  fibroblasts  at  the  periphery  of 
some  of  them.  Bacilli  are  moderately  numerous. 
Leucocytes  are  fairly  numerous  in  the  lesions  and 
some  of  them  are  broken  down,  but  there  is  no  close 
relationship  between  the  bacilli  present  and  the 
leucocytes. 

Later  Lesions— Chronic. 

Calf  767. — Killed  25  days  after  subcutaneous  inocula- 
tion with  50  mg.  of  a  human  viius  of  low  virulence  for- 
the  bovine.    In  the  neighbouring  prescapular  gland 
there  is  advanced  tissue  destruction  with  caseo-fibrous 
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degeneration.  Bacilli  are  moderately  plentif  itl  but  do 
not  form  large  groups  or  show  any  sign  of  active 
multiplication.  The  breaking  down  areas  are  filled 
with  enormous  numbers  of  leucocytes.  Some  of  them 
are  broken  down,  but  the  great  majority  retain  an 
oxyphil  stain.  A  large  proportion  of  the  cells  are 
granular,  the  size  of  the  granules  varying,  in  different 
cells,  from  the  fine  to  the  rather  coarse.  External  to 
the  areas  where  necrotic  change  has  commenced,  leuco- 
cytes are  also  abundant  and  show  a  well  marked 
granulation.  The  leucocytes  are  actively  phagocytic. 
In  a  prepectoral  gland  the  general  condition  is  similar 
to  that  found  in  the  prescipular,  but  the  lesions  are  less 
advanced  and  contain  fewer  bacilli.  In  a  portal  gland 
there  are  many  minute,  slightly  cuseous  foci  and  a 
few  giant  cells.  Bacilli  are  found  in  the  caseating 
foci  but  are  rare  and  generally  only  occur  singly. 
The  gland  is  invaded  with  large  numbers  of  finely 
granular  leucocytes  ;  these  are  plentiful  throughout 
the  tissue  and  are  particularly  abundant  in  the  lesions  ; 
none  have  been  found  containing  bacilli.  A  thoracic 
gland  is  in  practically  the  same  condition  as  the 
portal  ;  perhaps  some  of  the  lesions  are  rather  more 
advanced  and  the  leucocytes  rather  fewer,  but  the 
differences  are  only  slight. 

C'alflSo. — Killed  40  days  after  subcutaneous  inocu- 
lation with  -75  cc.  of  an  old  human  culture  of  low 
virulence  for  the  bovine.  The  prescapular  gland  near 
the  site  of  inoculation  shows  extensive  caseous  de- 
generation with  advanced  fibroid  change  in  the  areas 
which  have  escaped  destruction.  Except  in  completely 
caseous  areas,  where  they  are  fairly  plentiful,  bacilli 
are  rare  ;  some  occur  within  giant  cells  but  very  few  have 
been  found  within  leucocytes.  Leucocytes,  of  the 
finely  granular  type,  are  numerous  in  all  parts  of  the 
section  where  the  tissue  is  not  broken  down.  There 
is  also  a  collection  of  these  cells,  many  of  them  in 
fragments,  at  the  margin  between  the  cellular  elements 
and  the  caseous  material. 

Calf  50S.— Killed,  when  moribund,  73  days  after 
subcutaneous  inoculation  with  50  mg.  of  an  equine 
virus  of  high  vii-ulence  for  the  bovine.  In  a  popliteal 
gland  there  are  small,  caseous  tubercles  containing 
giant  cells  and  surrounded  by  fibroblasts.  The  lesions 
contain  bacilli  in  rather  large  numbers.  There  is  a 
sprinkling  of  leucocytes,  most  noticeable  at  the 
periphery  of  the  lesions,  but  none  have  been  found  in 
contact  with  bacilli. 

Calf  373. — Killed  89  days  after  subcutaneous  inocu- 
lation with  an  emulsion  of  tissue  containing  bacilli, 
estimated  at  11  million,  derived  from  a  strain  of 
human  bacilli  of  low  virulence  for  the  bovine.  In  a 
thoracic  gland  many  tubercles  of  various  sizes  are 
present.  The  largest  are  in  an  advanced  stage  of 
caseation  and  contain  a  little  calcareous  deposit, 
whilst  the  smaller  are  only  slightly  caseous.  The 
tubercles,  though  containing  a  considerable  amount 
of  fibrous  elements  at  their  periphery  and  having  the 
general  appearance  of  chronic  rather  than  acute 
lesions,  appear  to  be  slowly  progressive  and  becoming 
confluent.  Bacilli  are  scanty.  Except  where  com- 
pletely necrotic,  the  lesions  are  infiltrated  by  large 
nunibers  of  leucocytes. 

Calf  993. — Killed  88  days  after  subcutaneous  inocu- 
lation with  50  mg.  of  a  human  virus  possessing  low 
or  intermediate  virulence  for  the  bovine.  In  a 
thoracic  gland  there  are  small  lesions  which  have  a 
completely  caseous  centre  and  are  surrounded  by 
a  well  defined  ring  of  fibrous  tissue.  Bacilli  are 
scanty  and  are  only  found  within  the  caseous 
material.  At  the  margin  of  the  lesions  and  slightly 
encroaching  on  the  caseous  substance,  leucocytes  are 
numerous. 

Cal/  116. — Killed  92  days  after  the  commencement 
of  a  feeding  experiment  (sucking  a  cow  with  tuber- 
culosis of  the  udder  produced  by  bovine  bacilli).  In 
a  mesenteric  gland  large  numbers  of  giant  cells  occur 
both  singly  and  in  groups  in  various  parts  of  the 
tissue.  There  are  also  some  tracts  of  calcareous 
deposit  surrounded  by  a  zone  of  the  epithelioid  type 
of  tissue  and  without  any  intermediate  caseous  area. 
Bacilli  are  present  in  many  of  the  giant  cells  and  also 
in  the  calcareous  deposits  but  none  have  been  found 
within  leucocytes.  Leucocytes  are  fairly  numerous 
throughout  the  gland  and  are  not  specially  aggregated 
in  the  tubercular  lesions.  They  are  almost  all 
granular,  the  granules  being  more  frequently  coarse 
than  fine. 


After  Intravenous  Inoculation. 

Calf  529. — Died  13  days  after  intravenous  inocula- 
tion with  a  tissue  emulsion  containing  bacilli  of 
human  origin,  estimated  at  1,000  million.  A  sternal 
gland  is  congested  but  shows  no  histological  lesions. 
Bacilli  are  present  in  many  parts  of  the  tissue  and 
often  occur  in  small  groups.  Leucocytes  are  scanty 
and  show  no  close  relationship  to  the  bacilli. 

Calf  831. — Died  17  days  after  intravenous  inocula- 
tion with  an  emulsion  of  tissue  containing  bacilli, 
estimated  at  1,000  million,  derived  from  a  human 
virus  of  low  virulence  for  the  bovine  when  inoculated 
subcutaneously.  In  an  iliac  gland  the  only  lesions 
are  a  large  number  of  minute  foci  consisting  of  cell- 
fusions  and  sometimes  showing  definite  giant  cell 
formation.  Bacilli  occur  in  all  these  situations  and 
are  scattered  about  the  rest  of  the  gland  singly  or  in 
small  groups.  Leucocytes  are  not  numerous  and 
nowhere  form  large  groups,  but  these  cells  are  some- 
times found  in  direct  contact  with  bacilli. 

Calf  89. — Killed,  when  moribund,  23  days  after 
intravenous  inoculation  with  a  tissue  emulsion  con- 
taining bacilli,  estimated  at  about  300,000,  derived 
from  a  human  virus  isolated  from  sputum.  A  media- 
stinal and  a  thoracic  gland  show  typical  acute  infection 
with  progressive  tissue  destruction,  bacilli  being 
distributed  in  large  numbers  all  over  the  tissue. 
Leucocytes  are  abundant  in  the  areas  showing  necrotic 
change,  but  not  frequent  outside  these  situations. 
The  majority  give  an  oxyphil  stain  but  are  non- 
granular.   They  are  actively  phagocytic. 

Calf  749. — Killed,  when  moribund,  24  days  after 
intravenous  inoculation  with  46  mg.  of  a  human  virus 
possessing  low  virulence  for  the  bovine  when  inocu- 
lated subcutaneously.  In  a  bronchial  gland  there  are 
very  large  numbers  of  bacilli  throughout  the  tissue, 
but  there  are  no  definite  histological  tubercles,  and  the 
general  amount  of  tissue  damage  is  only  slight. 
Leucocytes  are  present  in  large  numbers  and  are 
specially  collected  in  places  where  bacilli  are  abundant. 
The  leucocytes  are  actively  phagocytic. 

Calf  305. — -Killed,  when  moribund,  2G  days  after 
intravenous  inoculation  with  an  emulsion  of  tissue 
containing  bacilli,  estimated  at  about  700  million, 
derived  from  a  human  virus  of  low  virulence  when 
inoculated  subcutaneously.  In  a  bronchial  gland  the 
cortex  is  riddled  with  semi-necrotic,  confluent  areas, 
and  there  are  also  caseating  lesions,  though  less 
numerous,  in  the  medulla.  Bacilli  occur  in  all  the 
lesions  in  moderate  numbers.  Coarse  eosinophils  are 
present  in  small  numbers  in  the  unaffected  parts  of 
the  gland  ;  ordinary  leucocytes  are  abundant  every- 
where ;  in  the  necrotic  areas  large  numbers  of  these 
cells  have  lost  their  protoplasmic  stain  ;  elsewhere 
the  leucocytes  give  a  good,  non-granular  or  finely 
granular,  oxyphil  reaction.  The  leucocytes,  par- 
ticularly those  which  have  lost  their  protoplasmic 
stain,  are  in  direct  contact  with  the  bacilli. 

Calf  399. — Killed,  when  moribund,  34  days  after 
intravenous  inoculation  with  a  i  emulsion  of  tissue 
containing  bacilli,  estimated  at  about  700  million, 
derived  from  a  human  virus  of  low  virulence  for  the 
bovine  when  inoculated  subcutaneously.  A  bronchial 
gland  closely  resembles  the  bronchial  gland  of 
Calf  749  as  regards  the  relatively  slight  amount  of 
tissue  damage,  the  number  and  distribution  of  bacilli, 
the  presence  of  large  numbers  of  leucocytes,  and  the 
active  phagocytosis  of  these  cells. 

Calf  101. — Killed,  when  moribund,  41  days  after 
intravenous  inoculation  with  an  emulsion  of  tissue 
containing  bacilli,  estimated  at  48,000,  belonging  to  a 
human  virus  of  high  virulence  for  the  bovine.  An 
iliac,  a  bronchial,  and  a  coeliac  gland  have  been 
examined.  They  all  exhibit  lesions  of  the  same 
characters,  viz.,  tubercles  in  an  early  stage  of  caseation 
and  sometimes  containing  giant  cells,  and  a'so  isolated 
giant  cells  situated  amongst  normal  tissue.  Bacilli 
are  present  in  all  the  lesions  but  are  not  very 
numerous.  In  all  three  glands  coarsely  granular 
oxyphils  occur  ;  they  are  present  in  the  non-affected 
parts  of  the  tissue  and  are  quite  as  numerous  as  is 
usually  the  case  in  normal  glands.  In  the  iliac  and 
the  coeliac  glands   finely  granular  or  non-granular 
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oxyphils  are  rare  ;  there  is  thus  a  notxble  absence  of 
leucocytic  ia61tration.  In  the  bronchial  gland  these 
oxyphils  are  more  numerous  in  some  of  the  lymph 
channels,  but  in  the  tubercular  foci  there  is  again 
only  a  slight  degree  of  leucocytic  infiltration. 

Calf  555. — Killed,  when  moribund,  58  days  after 
subcutaneous  inoculation  with  an  "emulsion  of  tissue 
containing  bacilli,  estimated  at  150  million,  derived 
from  a  human  strain  possessing  high  virulence  for  the 
bovine.  A  lumbar  gland  shows  diffuse  caseation  of 
the  type  usually  met  with  in  highly  acute  infections 
and  contains  very  large  numbers  of  bacilli.  Leucocytes 
are  distributed  in  large  numbers  throughout  the  tissue, 
but  the  majority  of  them  are  broken  down,  and  very 


few  of  them  take  an  oxyphil  stain.  There  is  therefore 
no  evidenc3  of  recent  leucocytic  invasion. 

Calf  361. — Killed  76  days  after  intravenous  inocu- 
lation with  an  emulsion  of  tissue  containing  bacilli, 
estimated  at  41 J  millions,  derived  from  a  human  virus 
of  low  virulence  for  the  bovine.  A  peribi'onchial 
gland  is  very  extensively  caseous  and  contains 
numerous  giant  cells.  Bacilli  are  present  in  all  the 
lesions,  but  are  not  abundant ;  most  of  them  are 
found  in  completely  necrotic  areas,  but  a  few  occur 
nearer  to  the  periphery  of  the  lesions  and  are  in 
contact  with  broken-down  cells,  soma  of  which  miy 
have  been  leucocytes.  There  is  no  sign  of  recent 
leucocytic  invasion. 


(6.)   In  Mammary  Glands. 


Cow  4. — Killed  34  days  after  intramammary  inocu- 
lation with  an  emulsion  of  tissue  containing  bovine 
bacilli.  The  udder  shows  acute,  progressive  infection 
"with  rapid  tissue  destruction,  oedema  of  the  sur- 
rounding parts  and  great  multiplication  of  bacilli, 
lieucocytes  are  very  numerous  in  the  lesions  and, 
except  in  situations  where  all  the  cellular  material  is 
breaking  down,  give  a  good,  non-granular,  oxyphil 
stain.    They  are  actively  phagocytic. 

Cow  75. — Killed,  when  moribund,  34  days  after 
intramammary  inoculation  with  an  emulsion  of  tissue 
containing  bacilli,  estimated  at  38  million,  derived 
from  a  human  virus  of  high  virulence  for  the  bovine. 
The  lesions  closely  resemble  those  found  in  Cow  4, 
but  are  perhaps  not  quite  so  acute.  The  relations  of 
bacilli  and  leucocytes  are  the  sime  as  in  Cow  4. 

Cow  68. — Killed  48  da)  s  after  intramammary  inocu- 
lation with  an  emulsion  of  tissue  containing  about 
30  million  bovine  bacilli.  The  udder  shows  pro- 
gressive tuberculosis  of  the  caseous  type,  with  a 
tendency  to  calcification.  The  lesions  are  less  acute 
in  character  than  those  found  in  the  two  preceding 
animals,  and  bacilli  are  much  less  numerous.  Oxyphil 
leucocytes  occur  both  within  the  lesions  and  in  the 
surrounding  tissues ;  in  some  lesions  they  are  less 
numerous  than  in  others,  but  on  the  whole  they  are 
abundant.  They  are  usually  of  the  finely  granular 
type  and  show  a  more  distinct  granulation  than  the 
leucocytes  in  the  more  acutely  infected  udders. 

Heifer  249. — Killed,  when  moribund,  54  days  after 
subcutaneous  inoculation  with  50  mg.  of  a  human 
virus  possessing  high  virulence  for  the  .bovine.  The 
udder  contains  some  small  tubercles  which  are  slightly 
caseous  and  contain  giant  cells.  Bacilli  are  very  rare. 
Within  the  tubercles  leucocytes  are  rather  scanty  and 
Lave  lost  their  protoplasmic  stain.  In  the  neighbour- 
hood of  these  lesions  there  is  a  good  deal  of  cellular 
infiltration  between  the  mammary  nodules.  My  first 
impression  was  that  leucocytes  were  rare  in  these 
situations,  but  on  sf  arching  further  specimens  I  have 
found  them  in  considerable  numbers.  They  take  a 
good  oxyphil  stain  and  are  generally  non-granular. 
Mononuclear  forms  are  present.  Some  of  the  cells 
are  dividing  amitotic jlly  and  show  mononuclear  forms 
in  process  of  formation. 

Cow  3. — Killed  63  days  after  intramammary  inocu- 
lation with  a  culture  of  human  bacilli  possessing  low 
virulence  for  the  bovine.  The  udder  shows  a  chronic 
slowly  progressive  tuberculosis.  The  majority  of  the 
lesions  are  caseous  and  have  a  well  marked  peripheral 
zone  containing  numerous  fibroblasts,  but  there  are 
also  earlier  lesions,  and  the  disease  has  made  its  way 
into  one  of  the  non-inoculated  quarters.  Bacilli  are 
fpresent  in  most  of  the  tubercles  and  in  some  are 
numerous.  Oxyphils,  both  non-granular  and  finely 
granular,  are  abundant  both  at  the  periphery  and  in 
the  interior  of  the  lesions.  They  are  also  abundant 
within  the  gland  tubules.  In  a  specimen  stained 
with  carbol-fuachin  followed  by  eosin  and  then  by 
methylene  blue  no  bacilli  are  demonstratable  within 
any  of  the  leucocytes. 

Heifer  251. — Killed  138  days  after  subcutaneous 
inoculation  with  an  emulsion  of  tissue  containing 


bacilli,  estimated  at  3000  million,  derived  from  a 
human  virus  of  high  virulence  for  the  bovine.  The 
udder  shows  early  and  apparently  progressive  tuber- 
culosis. There  are  many  patches  of  early  caseation. 
Both  in  these  and  within  the  alveoli  of  the  surround- 
ing tissue,  oxyphil  leucocytes  are  very  numerous ; 
they  stain  well  and  show  only  a  slight  granulation. 
These  cells  are  also  numerous  in  patches  of  inter- 
alt^eolar  infiltration  which  have  not  become  caseous. 
Bacilli  are  scanty,  but  occur  both  within  the  tubercles 
and  in  the  earlier  areas  of  infiltration. 

Heifer  233. — Killed  181  days  after  subcutaneous 
inoculation  with  an  emulsion  of  tissue  containing 
bacilli,  estimated  at  53^  million,  derived  from  a 
human  virus  of  high  virulence  for  the  bovine.  The 
udder  shows  extensive  inflammatory  change,  probably 
non-tubercular  in  origin,  and  in  one  of  the  quarters 
there  are  some  caseous  lesions  and  giant  cells. 
Tubercle  bacilli  are  present  in  these  last  situations 
but  are  very  rare.  There  is  a  considerable  sprinkling 
of  oxyphils,  with  a  definite  granulation,  at  the  margin 
of  the  lesions  which  are  definitely  tubercular ;  within 
the  caseous  areas  these  cells  are  rarer  but  a  few  leuco- 
cytes which  have  lost  their  protoplasmic  stain  are 
present.  In  the  surrounding  tissue  both  coarse  and 
finely  granular  oxyphils  are  present  in  considerable 
numbers. 

Cow  74. — Died  299  days  after  an  intramammary 
inoculation  with  an  emulsion  of  tissue  containing 
bovine  bacilli.  The  udder  shows  a  very  slowly  pro- 
gressive tuberculosis  in  which  the  amount  of  tissue 
destruction  is  small  relatively  to  the  enormous  number 
of  bacilli  present.  Broken  do  wn  leucocytes  are  numerous 
within  the  lesions  and  there  are  many  cells,  probably 
leucocytes  though  giving  no  oxyphil  stain,  which  con- 
tain bacilli.  No  bacilli  have  been  found  within 
leucocytes  possessing  an  oxyphil  protoplasm.  There 
is  no  sign  of  a  recent  leucocytic  invasion  into  the  more 
advanced  tubercular  areas.  In  the  non-inoculated 
quarters  oxyphils,  with  a  rather  indistinct  granulation, 
are  present  in  small  numbers  in  the  interstitial  tissue 
between  the  glandular  tubules,  but  are  not  closely 
related  to  the  bacilli,  which  occur,  in  small  numbers, 
lying  free  in  the  interstitial  tissue  or  between  the  fat 
cells.  In  other  situations  the  granulation  of  the 
leucocytes  is  more  definite,  particularly  at  the  margins 
of  the  larger  tubercular,  foci  and  also  in  the  neighbour- 
hood of  the  earlier  lesions,  where  there  is  only  slight 
evidence  of  tissue  degeneration. 

Cow  172. — Killed  392  days  after  an  intramammary 
inoculation  with  an  emulsion  of  tissue  containing 
about  30  million  bacilli  of  bovine  origin.  The  udder 
shows  discrete  tubercles  of  the  ordinary  chronic  type, 
most  of  the  lesions  being  centrally  caseous  and  sur- 
rounded by  a  fibrous  zone,  though  earlier  caseating 
areas  are  also  present.  Bacilli  are  scanty.  In  the 
centre  of  some  of  the  tubercles,  oxyphils  aro  numerous 
and  are  of  the  finely  granular  variety  ;  the  leucocytes 
which  occur  in  the  periph  ral  zone  and  in  the  neigh- 
bouring intertubular  tissue  tend  to  assume  a  coarser 
granulation.  In  the  tissue  remote  from  the  lesions 
oxyphils  are  scanty. 


Histology — Leucocytes. 
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II.  IN  SWINE. 


Early  Lesions. 

Pig  —Killed  24  hours  after  subcutaneous  inocu- 
lation in  the  ear  with  20  mg.  of  a  bovine  virus.  In  a 
cervical  gland  near  to  the  site  of  inoculation  bacilli 
are  found  distributed  throughout  the  specimen  in 
small  numbers.  Leucocytes  are  very  numerous 
throughout  the  gland,  but  as  the  gland  contains  many 
small  deposits  of  dirt,  the  presence  of  these  cells  in 
large  numbers  may  not  be  entirely  due  to  the  tubercle 
bacilli.  But  wherever  bacilli  are  present  there  are 
generally  many  leucocytes  near  at  hand  and  many 
leucocytes  have  been  found  with  bacilli  inside  tbem  ; 
generally  not  more  than  one  or  two  bacilli  are  found 
within  a  cell,  but  a  few  leucocytes  have  been  found 
which  are  crowded  with  bacilli.  There  is  therefore 
clear  evidence  that  the  leucocytes  are  actively  attacking 
the  bacilli.  This  is  particularly  noteworthy  as  the 
bacilli  must  be  very  recent  arrivals  and  have  not  pro- 
duced any  visible  breaking  down  of  the  tissue.  The 
leucocytes  are  strongly  oxyphil  ;  the  greater  number 
of  them  are  of  the  usual  coarsely  granular  type  met 
with  in  normal  glands,  but  the  ordinary  multinuclears 
also  show  a  well  marked  granulation  ;  their  granules 
are  more  readily  dissolved  than  those  of  the  former 
class  ;  the  leucocytes  which  contain  bacilli  are  all  of 
the  latter  type. 

Pig  146. — Killed  three  days  after  subcutaneous 
inoculation  in  the  ear  with  20  mg.  of  a  bovine  virus. 
In  a  cervical  gland  near  the  site  of  inoculation  bacilli 
are  much  more  numerous  than  in  the  24  hours' 
specimen  ;  they  are  distributed  freely  all  over  the 
tissue  and  have  produced  early  necrotic  change.  The 
leucocytes  are  also  greatly  increased  in  number. 
Fewer  of  them  are  coarsely  granular,  and  a  great 
many  of  them  are  breaking  down.  The  leucocytes 
form  the  largest  aggregations  in  the  situations  where 
•baciUi  are  most  numerous  ;  they  are  actively  phago- 
cytic. Bacilli  are  frequently  found  both  within  leuco- 
cytes which  retain  their  protoplasmic  stain  and  within 
breaking  down  leucocytes.  Some  of  the  leucocytes 
are  dividing  amitotically. 

Pig  148. — Killed  five  days  after  subcutaneous  inocu- 
lation in  the  ear  with  20  mg.  of  bovine  bacilli.  In  a 
cervical  gland  near  the  site  of  inoculation  bacilli  are 
more  numerous  than  in  the  three  days'  gland  and 
necrotic  change  is  rather  more  advanced.  The  leuco- 
cytes, though  many  of  them  are  broken  down,  are 
still  phagocytic  ;  perhaps  1  in  50  or  1  in  100  contain 
bacilli.*  The  granulation  of  the  leucocytes  within  or 
near  the  older  lesions  is  less  distinct  than  in  the  three 
days'  specimen,  but  outside  these  areas  cells  are 
plentiful  which  have  a  well  marked  and  sometimes  a 
distinctly  coarse  granulation.  The  nuclei  of  many  of 
the  leucocytes  are  swollen,  and  some  are  dividing 
amitotically.  In  the  lungs  bacilli  are  very  rare  and 
are  not  associated  with  any  definite  tubercle  forma- 
tion ;  leucocytes  are  fairly  numerous,  but  none  have 
been  found  containing  bacilli. 

Pig  142. — Killed  eight  days  after  subcutaneous 
inoculation  in  the  ear  with  20  mg.  of  bovine  bacilli. 
In  a  neighbouring  cervical  gland  both  leucocytes  and 
bacilli  are  again  greatly  increased  in  numbers.  The 
lesions  are  more  advanced  and  are  packed  with  multi- 
nuclear  leucocytes  and  their  remains.  Both  in  these 
lesions  and  in  the  lymph  channels  leucocytes  con- 
taining bacilli  are  frequently  found.  Coarsely  granu- 
lars  are  relatively  rare,  but  are  still  found  in  the 
unaffected  parts  of  the  tissue.  In  the  spleen  bacilli 
are  rare  ;  none  have  been  found  within  leucocytes, 
but  a  few  leucocytes  are  generally  present  in  their 
neighbourhood.  In  the  liver  very  few  bacilli  have 
been  found.  These  occur  within  minute  early 
tubercles,  each  of  which  contains  several  finely 
granular  leucocytes  ;  none  of  the  bacilli  found  are 
actually  within  leucocytes.  In  the  lungs  there  are 
numerous  deposits  of  bacilli  which  have  given  rise  to 
early  tubercles  ;  in  all  these  situations  multinuclear 
leucocytes,  only  slightly  granular,  are  abundant ;  a 
few  bacilli  have  been  found  within  leucocytes,  but  the 
majority  of  the  bacilli  are  within,  or  attached  to,  cells 


of  other  types.  The  leucocytes,  therefore,  though 
definitely  attracted  to  the  lesions,  are  not  vigorously 
ingesting  the  bacilli. 

Pig  150. — Killed  14  days  after  subcutaneous  inocu- 
lation in  the  ear  with  20  mg.  of  bovine  bacilli.  A 
cervical  gland  near  the  site  of  inoculation  is  exten- 
sively caseous  and  is  swarming  with  bacilli.  Leuco- 
cytes are  also  extremely  abundant  and  appear  to  be 
rapidly  breaking  down.  Bacilli  are  present  in  many 
leucocytes,  but  not  in  many  which  have  retained  a 
definite  granulation.  Coarsely  granular  leucocytes  are 
still  to  be  found.  In  a  portal  gland  there  are  many 
early  lesions,  which  are  slightly  caseous  but  contain 
very  few  bacilli  ;  coarsely  granular  oxyphils  are 
abundant  throughout  the  gland  ;  multinuclear  leu- 
cocytes with  no  definite  granules  are  also  present  ; 
their  number  is  not  very  great,  but  more  occur 
within  the  lesions  than  elsewhere.  None  of  the 
leucocytes  have  been  found  to  contain  bacilli.  A 
bronchial  gland  has  been  found  to  be  in  a  similar 
condition  to  the  portal  gland.  The  lungs  are  packed 
with  early  tubercles  which  are  much  more  numerous 
and  rather  larger  than  in  the  eight  days'  specimen. 
In  proportion  to  their  size,  the  lesions  do  not  contain, 
individually,  more  bacilli  than  those  found  in  the 
eight  days'  lung.  Leucocytes  are  plentiful  and  have 
invaded  the  tubercles  in  large  numbers.  They  almost 
all  give  a  good  oxyphil  stain.  The  great  majority  are 
non-granular  or  only  finely  granular,  but  coarsely 
granular  cells  are  als©  present  and  may  be  readily 
found  at  the  periphery  of  the  lesions,  rarely  in  the 
interior.  Many  of  the  leucocytes  are  dividing 
amitotically.  Only  a  few  leucocytes  contain  bacilli. 
The  early  lesions  found  in  the  liver  are  in  almost 
the  same  condition  as  those  in  the  eight  days' specimen 
but  slightly  more  advanced. 

Later  Lesions— Acute. 

Pig  94. — Killed  61  days  after  subcutaneous  inocu- 
lation with  1  mg.  of  bovine  culture.  The  lungs  are 
in  a  transitional  stage  between  miliary  tuberculosis 
and  commencing  generalised  consolidation.  BaciUi 
are!  numerous  throughout  the  tissue.  Leucocytes  are 
also  numerous,  particularly  in  the  breaking  down 
foci.  They  are  finely  granular  or  non-granular  and 
sometimes,  though  not  frequently,  contain  bacilli. 
The  liver  shows  a  diffuse  tubercular  infiltration,  the 
lesions  not  being  separable  into  discrete  tubercles. 
Bacilli  ai'e  present,  though  not  very  abundant,  in  all 
the  lesions.  Oxyphil  leucocytes,  nearly  all  of  the 
finely  granular  or  non-granular  types,  ai'e  numerous, 
in  all  the  lesions  ;  relat'veiy  few  of  them  are  disin- 
tegrated or  have  lost  tLeir  protoplasmic  stain  :  some 
of  them  show  nuclear  division  ;  both  amitotic  and 
mitotic  forms  of  division  have  been  found.  No 
bacilli  have  been  fuund  within  leucocytes.  A 
mesenteric  gland  shows  extensive  caseous  change, 
with  very  large  numbers  of  bacilli.  Multinuclear 
leucocytes  are  abundant,  but  the  majority  of  them 
are  disintegrated.  Some  of  the  leucocytes  contain 
bacilli. 

Pig  92. — Killed,  when  moribund,  137  days  after 
feeding  with  tuberculous  milk  estimated  to  contain 
10  million  bacilli.  The  specimen  of  lung  is  exten- 
sively caseous  and  contains  large  numbers  of  bacilli. 
The  lesions  are  confluent,  obviously  progressive,  and 
show  no  sign  of  a  limiting  zone.  'Typical  coarsely 
granular  eosinophil  cells  are  numerous  and  are  often 
massed  together  in  groups.  The.^e  groups  occur  at 
the  margin  of  consolidated  areas  but  not  in  situa- 
tions where  there  is  advanced  necrotic  change. 
These  cells  vary  in  size,  manv  being  twice  as  large 
as  the  ordinary  finely  granular  multinuclear  cell,  but 
others  no  larger  than  the  latter  type  of  cell.  The 
nuclei  of  the  coarsely  granular  cells  are  either 
circular  in  outline,  or  oval,  or  slightly  indented  ; 
some  of  them  take  a  deep  blue  stain,  like  the  nuclei 
of  the  finely  granulars,  but  many  of  them  only  take 
a  pale  blue  stain  ;  the  pale  nuclei  are  generally  larger 
than  the  deeply  stained  nuclei.    Finely  granular  or 


*  This  was  my  general  impression  on  examining  the  section.  A  count  was  afterwards  made  and  the  pevceutage  of 
phagocytic  leucocytes  were  found  to  be  rather  higher. 
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non-granular  leucocytes  are  also  numerous,  particu- 
larly where  necrosis  is  commencing  or  advanced ; 
they  have  a  weaker  affinity  for  eosin  that  the  coarsely 
granulars,  and  many  of  those  which  retain  a  proto- 
plasmic stain  show  no  granulation.  The  bacilli 
have  no  relation  to  the  coarsely  granulars,  but  the 
cells  of  the  other  type  have  evidently  been  attracted 
to  the  bacilli,  and  sometimes  bacilli  are  found  within 
cells  retaining  a  faint  oxyphil  stain.  The  liver  is 
crowded  with  miliary  tubercles  in  an  early  stage  of 
caseation  ;  from  about  two  or  three  to  about  a  dozen 
bacilli  are  visible  in  each.  There  is  an  infiltration  of 
coarsely  granular  leucocytes  throughout  the  inter- 
lobular tissue.  Within  the  tubercles  these  cells  are 
rare,  but  ordinary  leucocytes,  many  of  which  have 
lost  their  protoplasmic  stain,  are  common. 

Later  Lesions — Less  Acute  and  Chronic. 

Pig  26. — Killed  37  days  after  feeding  with  tuber- 
culous milk  containing  10  million  bacilli.  The  lungs 
contain  many  small  tubercles  which  are  isolated,  have 
a  well  marked  boundary  zone,  contain  very  few  bacilli, 
and  are  filled  with  dense  masses  of  multinuclear 
leucocytes  ;  these  cells  give  a  good  oxyphil  stain  but 
show  no  definite  granulation,  either  in  the  interior  or 
at  the  periphery  of  the  lesions.  Two  mesenteric 
glands  examined  show  extensive  and  partially  caseous 
tubercular  areas,  but  do  not  contain  many  bacilli. 
Leucocytes  are  collected  in  enormous  numbers  in  the 
interior  of  the  lesions  and  are  also  abundant  at  their 
periphery  ;  many  are  also  in  the  surrounding  tissue. 
They  are  mostly  of  the  finely  granular  and  non- 
granular type.  In  an  ileo-coecal  gland  the  only  dif- 
ferences observed  are  that  bacilli  are  rather  more 
numerous  and  the  leucocytes  external  to  the  lesions 
are  more  definitely  granular. 

Pig  IS. — Killed  39  days  after  feeding  with  tuber- 
culous milk  containing  one  million  bacilli.  As  in 
Pig  26,  the  lungs  contain  small  tubercles  of  the 
retrogressive  type  which  contain  very  few  bacilli  but 
are  crowded  with  multinuclear  leucocytes.  A  mesen- 
teric and  two  ileo-colic  glands  show  advanced  casea- 
tion but  do  not  contain  many  bacilli.  As  in  the  glands 
of  Pig  26  the  interiors  of  the  lesions  are  crowded 
with  finely  granular  or  non-granular  oxyphils  ; 
external  to  the  lesions  coarsely  granulars  are  fairly 
numerous. 

Pig  23. — Killed  65  days  after  subcutaneous  inocula- 
tion with  50  mg.  of  a  human  virus  of  low  virulence 
for  the  bovine.  The  lungs  show  marked  thickening 
of  the  alveolar  walls  and  contain  numerous  tubercles. 
These  tubercles  are  slightly  caseous  in  the  centre  and 


have  a  broad  cellular  zone  containing  many  fibroblasts. 
Bacilli  are  rare.  The  lesions  though  obviously  of 
a  chronic  type  are  tending  to  become  confluent. 
Coarsely  granular  oxyphils  are  scattered  all  over  the 
tissue  and  are  numerous  in  the  lesions,  where  non- 
granular oxyphils  also  occur  in  equally  large  numbers. 
In  the  liver,  which  contains  chronic  tubercles  possess- 
ing very  few  bacilli,  coarsely  granular  oxyphil  leuco- 
cytes are  found  in  moderate  numbers  outside  the 
lesions  ;  within  the  lesions  leucocytes  are  aggregated 
into  small  groups  and  are  of  the  finely  granular  type, 
though  a  few  coarsely  granulars  are  also  present. 

Pig  21. — Killed  98  days  after  subcutaneous  inocu 
lation  with  1  mg.  of  a  human  virus  of  low  virulence 
for  the  bovine.  Specimens  from  two  parts  of  the 
lungs  show  groups  of  circumscribed,  caseous,  and 
obviously  retrogressive  tubercles.  They  contain  in  or 
near  their  centres  large  numbers  of  finely  granular 
multinuclear  leucocytes ;  and  at  their  periphery,  which 
is  densely  fibrous,  coarsely  granular  leucocytes  are 
found.    No  bacilli  have  been  found. 

Pig  126. — Killed  114  days  after  subcutaneous  inocu- 
lation with  1  mg.  of  culture  of  a  porcine  virus 
found  to  be  of  low,  or  relatively  low,  virulence  for 
the  bovine.  Some  isolated  caseous  tubercles  are 
present  in  the  lungs.  They  are  of  the  chronic  type 
and  are  completely  surrounded  by  fibroblasts.  At 
the  periphery  of  the  caseous  material  there  is  a  dense 
zone  consisting  entirely  of  finely  granular  and  non- 
granular oxyphil  leucocytes.  Amongst  the  fibrous 
elements  the  leucocytes  show  a  stronger  granulation 
but  the  granules  are  not  definitely  coarse. 

Pig  80. — Killed  131  days  after  feeding  with  an 
emulsion  of  tissue  containing  bacilli  of  bovine  origin 
estimated  to  number  10  million.  The  lung  tissue  is 
to  a  large  extent  replaced  by  irregular  caseous  areas 
which  are  obviously  spreading.  The  alveoli  bordering 
upon  them  are  filled  with  desquamated  epithelium. 
In  the  caseous  areas  there  are  many  broken  down 
leucocytes,  and  in  the  outer  portion  of  the  consolidated 
areas  there  are  groups  of  multinuclear  leucocytes 
which  retain  an  oxyphil  stain.  Bacilli  are  distributed 
throughout  the  lesions  but  are  scanty. 

Pig  2. — Killed  160  days  after  feeding  with  tuber- 
culous milk.  The  lungs  contain  large  caseous  tubercles 
which  are  surrounded  by  a  broad  fibrous  zone.  Bacilli 
are  very  rare.  The  most  striking  feature  about  the 
tubercles  is  that  they  are  filled  with  enormous  masses 
of  multinuclear  leucocytes.  These  cells  occupy  the 
centre  as  well  as  the  more  peripheral  areas  and  are 
of  the  finely  granular  or  non-granular  type. 


III.— IN  RABBITS. 


(1.)  In  Rapidly  Fatal  Infections. 

The  following  examples  are  taken  from  a  series  of  rabbits  killed  at  short  intervals  after  intravenous 
inoculation  with  1  mg.  of  bacilli  possessing  high  virulence  for  the  bovine.  A  bovine  virus  was  employed 
for  half  of  the  rabbits  and  a  human  virus,  which  proved  to  be  equally  virulent,  for  the  other  half. 
These  experiments  are  reported  in  the  Appendix  to  the  Second  Interim  Report,  Vol.  IV.,  p.  25. 


After  Twenty-four  Hours. 

In  the  lungs  tubercle  bacilli  are  distributed,  singly 
and  in  small  groups,  in  numerous  sites  throughout  the 
alveolar  walls.  Oxyphil  leucocytes,  generally  multi- 
nuclear, and  with  a  well-marked,  coarse  granulation, 
are  found  in  fairly  large  numbers  throughout  the 
tissue  and  are  aggregated  into  groups  in  the  localities 
where  groups  of  bacilli  are  found.  Though  the  leuco- 
cytes are  definitely  attracted  to  these  situations,  it  is 
only  rarely  that  bacilli  are  found  actually  within 
leucocytes.  Amongst  some  of  the  larger  groups  of 
bacilli,  disintegrated  leucocytes  are  found.  No  leuco- 
cytes have  been  observed  showing  evidence  of  nuclear 
division.  In  the  liver  there  are  a  few  minute  deposits 
of  bacilli  ;  in  association  with  these  there  is  generally 
a  small  group  of  coarsely  granular  leucocytes,  but  very 
few  bacilli  have  been  found  actually  within  leucocytes. 

After  Three  Days. 
In  the  lungs  the  lesions  are  rather  larger  than  in 


the  24  hours'  specimens  and  some  of  them  contain 
more  bacilli.  The  main  difference  noted  in  the  leuco- 
cytes is  that  moi'e  of  those  present  in  the  lesions  have 
lost  their  granular  protoplasm.  Bacilli  are  occasion- 
ally found  within  leucocytes  but  much  more  frequently 
occur  within  cells  of  other  types.  In  the  liver  there 
are  several  small  groups  of  bacilli  which  are  sur- 
rounded by  leucocytes  with  a  well  marked  coarse 
granulation  ;  some  of  the  bacilli  are  actually  within 
these  leucocytes.  In  one  specimen  of  kidney  a  few 
bacilli  have  been  found  in  the  intertubular  tissue,  but 
these  are  not  associated  with  leucocytes. 

After  Five  Days. 

In  the  lungs  the  bacilli  are  much  more  numerous 
than  in  the  three  days'  specimens  and  the  lesions  are 
rather  more  advanced.  Leucocytes  are  numerous  in 
the  lesions  and  many  show  a  well  marked  coarse 
granulation,  cells  with  this  character  being  more 
numerous  at  the  periphery  than  at  the  centre  of  the 
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lesions.  Many  of  the  leucocytes,  including  a  con- 
siderable number  which  retain  well  marked  granules, 
contain  bacilli.  This  is  well  shown  in  specimens 
stained  by  carbol-fuchsin  followed  by  orange  and  then 
by  methylene  blue.  In  the  liver  there  are  numerous 
small  foci  containing  bacilli  in  small  or  moderate 
numbers.  In  these  lesions  leucocytes  with  a  well 
marked  granulation  are  present  but  are  not  more 
numerous  than  in  the  three  days'  specimens.  In  the 
tissue  as  a  whole  leucocytes  are  not  very  numerous, 
and  though  they  are  attracted  towards  the  definitely 
tubercular  foci,  they  are  not  found  in  association  with 
isolated  bacilli  which  occur  elsewhere.  A  few  bacilli 
have  been  found  within  leucocytes. 

After  Ten  Days. 

The  tubercles  are  more  numerous  and  many  of 
them  are  larger,  but  the  majority  have  not  begun  to 
caseate.  There  is  again  a  large  increase  in  the  number 
of  bacilli.  Leucocytes  are  very  numerous  in  the 
tubercles  and  are  also  much  more  abundant  in  the 
rest  of  the  tissue  than  in  previous  specimens.  Some 
of  the  leucocytes  have  lost  their  granules,  but  the 
greater  number  of  them  are  definitely  granular  ;  the 
granules  are  rather  large  and  have  a  marked  tendency 
to  escape  from  the  cell  body.  The  leucocytes  are 
definitely  attracted  to  the  lesions  and  are  actively 
phagocytic.  In  many  of  the  lesions  perhaps  as  many 
as  1  in  20  of  the  leucocytes  contain  bacilli  within  them  ; 
and,  in  addition,  bacilli  are  often  found  in  a  confused 
mass  of  loose  granules  and  leucocytic  nuclei.  The  liver 
shows  a  ditfuse  tubercular  infiltration  with  com- 
mencing necrotic  change.  Bacilli  are  numerous. 
Leucocjtes,  though  moderately  numerous,  are  much 
less  abundant  than  in  the  lungs.  They  give  a 
good  granular  stain.  Some  of  the  lesions  con- 
tain many  leucocytes  ;  others  very  few.  A 
few  of  the  leucocytes  contain  bacilli.  The  kidneys  on 
the  whole  are  only  slightly  afEected,  but  in  one  of  the 
specimens  there  is  a  fairly  large  lesion  containing  a 
moderate  number  of  bacilli  and  many  leucocytes,  some 
of  which  are  in  close  contact  with  the  bacilli. 


After  Fifteen  Days. 

In  the  lungs  the  tubercles  are  more  numerous,  more 
necrotic,  anii  larger  than  in  the  10  days'  specimens. 
The  bacilli  are  again  increased  in  numbers  and  are 
more  generally  distributed  throughout  the  tissue. 
The  tissue  is  swarming  with  oxyphil  leucocytes  which 
have  a  well  marked  coarse  granulation.  These  cells 
hive  a  tendency  to  shed  their  granules,  particularly 
within  the  tubercles,  where  confused  masses  of 
granules,  bacilli,  and  nuclei  are  found.  Bacilli  are  not 
only  numerous  within  these  confused  groups  of  leuco- 
cytes, but  are  also  found  within  isolated,  coarsely 
granular  cells  which  have  not  shed  their  granules. 
Many  of  the  leucocytes  show  signs  of  amitotic  division. 
In  the  liver  the  lesions  are  of  the  same  type  as  in  the 
10  days'  specimens  but  rather  larger,  and  bacilli  are 
more  numerous.  There  is  no  increase  in  the  number 
of  leucocytes,  compared  with  the  previous  specimens, 
but  more  of  the  leucocytes  present  have  lost  their 
granules.  A  few  of  the  leucocytes  are  in  immediate 
contact  with,  or  contain,  bacilli.  In  the  kidneys 
bacilli  are  found  more  frequently  than  in  the  10  days' 
specimens  and  occur  both  in  the  interstitial  tissue  and 
in  the  glomeruli.  They  have  not  produced  extensive 
lesions.  Leucocytes  are  scanty  and  are  not  definitely 
associated  with  the  bacilli. 

After  Eighteen  to  Twenty-four  Days. 

The  remainder  of  the  animals  used  in  this  experi- 
ment died  in  from  eighteen  to  twenty-four  days  after 
inoculation.  In  the  lungs  of  these  animals  rapidly 
progressive  necrotic  change  is  found,  with  continued 
multiplication  of  bacilli.  The  leucocytes  retaining  a 
granular  staia  are  still  very  abundant  in  the  18  days' 
specimen,  but  after  this  period  they  show  a  gradual 
falling  off.  In  the  24  days'  specimen  the  leucocytes 
ia  the  interior  of  the  lesions  are  nearly  all  broken  up, 
though  loose  granules  are  still  i^resent,  and  in  places 
external  to  the  necrotic  areas  intact  granular  leuco- 
cytes are  found  in  moderate  numbers.  In  the  livers 
and  kidneys  no  appreciable  differences  from  the  15 
days'  specimens  have  been  observed  as  regards  the 
relations  of  leucocytes  and  bacilli. 


(2.)  In  More  Chronic  Infections. 


Rabbits  1567-71. — These  rabbits  were  inoculated 
intravenously,  each  with  1  mg.  of  a  virus  of  relatively 
low  virulence  (H  90. 1. P.)  and  were  killed,  respectively, 
24  hours,  3  days,  5  days,  8  days,  and  14  days  after 
inoculation.  Compared  with  the  rabbits  inoculated 
intravenously  with  more  virulent  material,  the  number 
of  disseminated  bacilli  is  smaller  and  there  is  less  tissue 
destruction.  Corresponding  with  these  differences, 
the  leucocytosis  is  less  abundant.  The  percentage  of 
leucocytes  containing  bacilli  is  small,  but  bacilli  are 
found  within  intact  leucocytes  rather  more  frequently, 
in  proportion  to  the  number  of  bacilli,  than  in  the  more 
acute  infections. 

Rabbits  1572-76. — These  rabbits  were  inoculated 
subcutaneously,  each  with  50  mg.  of  a  virus  of  re- 
latively low  virulence,  and  were  killed,  respectively, 
24  hours,  3  days,  6  days,  8  days,  and  14  days  after  ino- 
culation. Apart  from  the  local  lesions,  no  microscopic 
evidence  of  dissemination  has  been  found  in  the  speci- 
mens examined.  The  limitation  of  bacilli  to  the  local 
lesions  is  largely  attributable  to  the  activity  of  the 
leucocytes  which  have  converged  upon  the  site  of 
inoculation  and  formed  a  dense  barrier.  In  the  central 
areas  the  leucocytes  are  crowded  with  bacilli  but 
rapidly  breaking  down.  In  all  the  specimens  leucocytes 
are  numerous  at  the  periphery  of  the  lesions,  though 
the  leucocytic  invasion  appears  to  be  falling  off  in 
intensity  towards  the  end  of  the  second  week. 

Rabbits  1542-46. — These  rabbits  were  inoculated 
subcutaneously,  each  with  50  mg.  of  a  bovine  virus  of 
high  virulence,  and  were  killed,  respectively,  24  hours, 
3  days,  6  days,  8  days,  and  14  days  after  inoculation. 
Only  slight  and  occasional  microscopic  evidence  of 
dissemination  has  been  found  in  the  specimens  ex- 
amined. As  in  the  series  above  (Rabbits  1572-76) 
inoculated  with  less  virulent  material,  the  inoculated 
material  is  densely  surrounded  with  leucocytes,  which 
have  limited  its  dissemination.  The  general  condition 
of  the  leucocytes  and  their  relations  to  bacilli  are  the 


same  in  the  two  series,  and  in  both  there  is  a  diminu- 
tion of  the  local  leucocytosis  towards  the  end  of  the 
second  week. 

Rabbit  219. — Died  69  days  after  intraperitoneal 
inoculation  with  50  mg.  of  human  bacilli  possessing 
low  virulence  for  the  bovine.  The  lungs  are  in  a 
condition  of  patchy,  caseous  consolidation.  Tubercle 
bacilli  are  present  in  all  parts  of  the  tissue  and  are 
numerous  in  some  of  the  caseous  areas.  The  whole 
of  the  tissue  is  abundantly  infiltrated  with  leucocytes 
possessing  a  well  marked  coarse  granulation.  These 
cells,  though  numerous  in  the  lesions,  are  not  specially 
congregated  round  the  bacilli  ;  and  bacilli  are  only 
rarely  found  in  immediate  contact  with  them. 

Rabbit  217. — Killed  90  days  after  intraperitoneal 
inoculation  with  1  mg.  of  the  same  culture  as  Rabbit 
219.  Beneath  the  pleural  surface  of  the  lung  there  is 
an  irregularly  defined  tubercle,  slightly  caseous, 
abundantly  infiltrated  with  cells,  and  containing  very 
few  bacilli.  Coarsely  granular  leucocytes,  though 
showing  no  immediate  relationship  to  the  bacilli,  are 
numerous  in  the  lesion  and  also  in  the  rest  of  the 
tissue. 

Rabbit  231. — Killed  90  days  after  intraperitoneal 
inoculation  with  1  mg.  of  culture  isolated  from  a 
strain  of  human  bacilli  showing  low  virulence  for 
the  bovine.  The  specimen  of  lung  is  in  a  semi  solid 
condition  owing  to  the  presence  of  innumerable 
tubercles.  These  are  centrally  caseous,  irregular 
in  outline,  and  frequently  confluent.  They  are 
evidently  progressive,  though  surrounded  by  an 
abundant  cellular  infiltration.  Iq  the  majority  of  the 
foci,  bacilli  are  scanty,  but  in  a  few  of  the  older 
lesions  they  have  grown  into  groups.  Leucocytes 
with  a  well  marked  granulation  are  nuxnerous  in  all 
parts  of  the  tissue  and  form  dense  masses  in  the 
lesions.  In  the  centres  of  the  older  lesions,  where 
bacilli  are  numerous,  the  leucocytes  are  broken  down. 
Only  a  few  of  the  leucocytes  contain  bacilli.  The 
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liver  exhibits  a  large  number  of  minute  tubercles, 
These  are  not  caseous  but  exhibit  cell  fusions  and 
sometimes  giant  cells.  Granular  leucocytes  are  present 
at  the  periphery  of  the  lesions  but  are  not  numerous  ; 
in  the  interior  there  are  a  few  leucocytes  which  have 
lost  their  protoplasmic  stain.  No  bacilli  have  been 
found. 

Rablit  238. — Killed  90  days  after  intraperitoneal 
inoculation  with  1  mg.  of  culture.  In  the  lungs  there 
are  slightly  caseous  patches  of  consolidatioa  beneath 
the  pleura.  Bacilli  are  scanty.  The  consolidated  areas 
are  infiltrated  with  extremely  large  numbers  of 
granular  leucocytes. 

Rabbit  72. — Died  179  days  after  intravenous  inocu- 
lation with  1  mg.  of  a  human  virus  possessing  low 
virulence  for  the  bovine.  The  specimen  of  lung  is 
almost  completely  solidified.  It  shows  large,  ramifying 
tracts  of  completely  necrotic  material,  with  no  demar- 
cation into  definite  tubercles.  Irregular  patches  of 
less  advanced  caseation  are  also  present.    Bacilli  are 


numerous  everywhere,  though  less  abundant  than  in 
advanced  lesions  produced  by  intravenous  inoculation 
of  more  virulent  viruses.  The  whole  of  the  tissue  is 
densely  infiltrated  with  leucocytes  showing  a  well 
marked  granulation.  These  cells  are  aggregated  round 
the  collections  of  bacilli,  but  where  the  cells  occur 
singly  relatively  few  are  found  with  bacilli  actually 
within  them.  The  liver  contains  many  minute,  non- 
caseous  or  only  slightly  caseous  tubercles  which  do 
not  contain  many  bacilli.  At  the  periphery  of  these 
lesions  a  few  granular  oxyphils  are  present,  and  a 
few  leucocytes  which  have  lost  their  protoplasmic 
stain  are  found  in  the  interior.  This  condition  is  in 
marked  contrast  to  the  abundance  of  leucocytes  found 
in  the  lungs.  The  kidneys  contain  large  caseating 
lesions  which  are  abundantly  infiltrated  with  granular 
leucocytes.  Bacilli  are  rather  scanty  on  the  whole, 
but  in  some  places  in  the  interior  of  the  lesions  they 
are  collected  into  groups,  which  are  being  vigorously 
attacked  by  the  leucocytes. 


(3.)  After  Inoculation  with  Killed  Bacilli. 


Rabbit  1196. — Killed  21  days  after  intravenous 
inoculation  with  50  mg.  of  dead  culture  from  a  human 
virus  of  low  virulence  for  the  bovine.  In  the  lungs 
bacilli  are  scanty  and  have  caused  little  more  than 
slight  generalised  thickening  of  the  alveolar  walls. 
In  a  few  places  there  are  small  collections  of  bacilli, 
many  of  which  are  fragmentary.  Leucocytes  are 
scanty  and  are  not  found  in  association  with  the 
bacilli.  In  the  liver  bacilli  are  scattered  about  the 
tissue  much  more  abundantly  than  in  the  lungs,  and 
have  produced  many  small  lesions,  in  which  leucocytes 
are  rare.  In  the  spleen  bacilli  are  numerous  in  all 
parts  of  the  tissue  and  often  occur  in  small  groups. 
They  have  caused  very  little  damage  to  the  tissue,  but 
are  often  surrounded  by  groups  of  granular  leucocytes, 
some  of  which  actually  contain  bacilli ;  many  of  these 
cells  are  broken  up. 

Rabbit  1283. — Killed  29  days  after  intravenous 
inoculation  with  50  mg.  of  dead  bovine  bacilli. 
Throughout  the  lungs  the  alveolar  walls  are  very 
greatly  thickened  and  many  patches  are  completely 
solidified.  The  places  where  baciUi  are  demonstrable 
are  generally  the  centre  of  small  areas  of  slight 
caseation.  These  foci  are  characteristic  of  tubercles 
of  the  more  chronic  type.  In  the  lesions  where  bacilli 
are  very  scanty  and  occur  singly  leucocytes  are  also 
scanty  and  are  not  in  close  contact  with  the  bacilli  ; 
but  where  small  clumps  of  bacilli  have  survived  they 
are  surrounded  by  a  dense  cluster  of  granular  leuco- 
cytes. In  the  liver  single  bacilli  or  fragments  of 
bacilli  are  distributed  throughout  the  tissue  ;  they 
generally  occur  within  giant  cells.    Leucocytes  are 


scanty  and  show  no  direct  relationship  to  most  of  the 
lesions,  but  a  few  isolated  leucocytes  contain  bacilli. 
In  the  spleen  there  are  no  tubercles  or  giant  cells,  but 
in  a  few  places  small  groups  of  bacilli,  often  frag- 
mentary, are  present.  These  are  generally  associated 
with  small  groups  of  oxyphil  leucocytes.  The  nuclei 
of  many  of  the  leucocytes  are  fragmentary. 

Rabbit  12S4. — Killed  29  days  after  intravenous 
inoculation  with  10  mg.  of  dead  bovine  bacilli. 
Bacilli  occur  in  many  parts  of  the  lungs  and  have 
produced  caseous  tubercles  of  the  same  characters  as 
those  in  the  preceding  animal.  Bacilli  are  generally 
rare  in  the  lesions,  but  occasionally  a  small  clump 
occurs.  Leucocytes  are  not  numerous  and  are  rarely 
found  in  direct  contact  with  bacilli.  In  the  liver 
bacilli  are  very  scanty  and  are  not  associated  with 
leucocytes.  The  spleen  is  identical  with  that  of 
Eabbit  1283. 

Rabbit  488. — Killed  63  days  after  intravenous  and 
intraperitoneal  inoculation  with  cultures  of  bovine 
bacilli  amounting  in  all  to  140  mg.  The  lungs 
contain  numerous  deposits  of  bacilli,  some  of  them 
consisting  of  clumps  of  very  considerable  size.  These 
deposits  have  given  rise  to  well  formed  tubercles  of 
the  caseous  and  circumscribed  type.  Granular  leuco- 
cytes are  abundant  at  the  periphery  of  the  lesions 
and  in  the  interior  form  dense  masses  completely 
enveloping  the  bacilli.  In  the  specimen  of  liver  there 
is  a  caseous  tubercle  with  a  broad  cellular  zone, 
amongst  which  there  are  many  oxyphils.  No  bacilli 
have  been  found  in  this  specimen. 


B.-THE  SIGNiriCANCE  OF  LBUCOCYTIC  PHAGOCYTOSIS. 


Owing  to  the  clinical  importance  sometimes  attri- 
buted to  the  action  of  leucocytes  upon  tubercle  bacilli, 
I  have  thought  it  might  be  useful  to  supplement  the 
preceding  observations  upon  leucocytes  by  a  series  of- 
counts  recording  the  amount  of  leucocy  tic  phagocytosis 
actually  observed  in  sections  of  tissues.  The  statistics 
thus  provided  enable  me  to  supplement  and,  where 
necessary,  correct  the  general  results  regarding  leuco- 
cytic  activity  which  I  have  collected  from  my  histo- 
logical reports  on  the  examination  of  a  very  large 
number  of  specimens. 

Before  makmg  a  count  the  whole  specimen  is 
examined,  and  a  typical  portion  of  it  is  selected  as 
the  area  to  be  estimated.  Then,  with  the  aid  of  the 
mechanical  stage,  1,000  leucocytes  are  counted ;  at 
the  same  time  records  are  made  of  the  number  of 
bacilli  found  within  the  area  occupied  by  these  leuco- 
cytes, of  the  number  of  these  bacilli  contained  within 
leucocytes,  and  of  the  number  of  leucocytes  containing 
these  bacilli.  The  only  leucocytes  counted  are  those 
the  protoplasm  of  which  takes  on  a  stain  with  eosin, 
i.e.,  the  leucocytes  which  were  not  disintegrated  when 
the  tissue  was  removed  from  the  body  and  fixed. 


The  amount  of  phagocytosis  recorded  is  therefore 
what  I  term  "  active  "  phagocytosis,  i.e.,  it  is  based  on 
an  estimate  of  the  proportion  of  intact  leucocytes 
which  actually  contained  bacilli  at  the  time  when  the 
experiment  was  terminated. 

The  method  of  staining  is  as  follows.  First,  the 
section,  fixed  on  a  cover.-^lip,  is  stained  in  carbol- 
f  uchsin  with  steam  gently  rising  for  20  minutes.  The 
excess  of  carbol-fuchsin  is  washed  out  with  methylated 
spirit  until  no  more  stain  comes  away.  The  section, 
after  washing  in  water,  is  then  stained  in  5  per  cent, 
watery  eosin  for  from  10  to  30  minutes,  the  specimens 
retaining  much  of  the  carbol-fuchsin  requiring  longer 
than  those  where  most  of  the  fuchsin  has  been  washed 
out.  Then,  without  washing,  the  specimen  is  trans- 
ferred to  ordinary  methylene  blue  (alkalinity  1  in 
1,000)  ;  it  is  examined  from  time  to  time  under  a  low 
magnification  to  ascertain  when  the  right  differentia 
tion  has  been  obtained,  and  is  then  dehydrated  and 
mounted.  The  time  required  for  differentiation  varies 
very  considerably  with  different  specimens  (from  a 
few  seconds  to  a  few  minutes). 
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PHAGOCYTIC  ACTION  OF  THE  CALF'S  FINELY  GRANULAR  OXYPHIL  LEUOCYTES  IN 
EARLY  STAGES  OF  INFECTION  WITH  MAMMALIAN  TUBERCLE  BACILLI. 


METHOD  OF  INOCULATION— SUBCUTANEOUS. 
(«.) 

BACILLI  OF  HIGH  VIRULENCE. 
Dose  for  Each  Animal— 50  mg.  op  bovine  oultuhb. 


Number 
of 
Calf. 

Duration  of 
Exi^eriment. 

Organ 
Examined. 

Number  of  Bacilli 
present  in  an  area 
containing  1,000 
Leucocytes. 

Number  of 
Bacilli  con- 
tained within 
Leucocytes. 

Fercentage  of 
Leucocytes  con- 
taining Bacilli. 

Fercentage  of 
Bacilli  within 
Leucocytes. 

438 

24  hours 

Frescapular 

3 

0 

0 

0 

gland. 

284 

3  days 

)> 

160 

0 

0 

0 

293 

8  days 

Abundant 

49 

3-2 

Small 

IJ 

ii 

Lung 

75 

0 

0 

0 

)l 

)) 

Liver 

5 

0 

0 

0 

)J 

Spleen 

14 

0 

0 

0 

288 

li  days 

Frescapular 

Very  abundant 

211 

13-0 

Small 

gland.* 

)) 

)i 

Lung 

222 

0 

0 

0 

») 

11 

Liver 

73 

0 

0 

0 

») 

)) 

Spleen 

194 

0 

U 

0 

SuMMAKY  (omitting  specimens  marked  thus  *). — In  an  area  containing  8,000  leucocyte?  74(3  bacilli  were  found, 
but  none  of  these  were  within  leucocytes. 


(ft.) 

BACILLI  OF  LOWER  VIRULENCE. 


Dose  for  Each  Animal— 50  mg.  of  Virus  H  26  K.M. 


Number 
of 
Calf. 

Duration  of 
Experiment. 

Organ 
Examined. 

Number  of  Bacilli 
present  in  an  area 
containing  1,000 
Leucocytes. 

Number  of 
Bacilli  con- 
tained within 
Leucocytes. 

Percentage  of 
LeiTcocytes  con- 
taining Bacilli. 

Fercentage  of 
Bacilli  within 
Leucocytes. 

873 

3  days 

Frescapular 

116 

0 

0 

0 

gland. 

881 

8  days 

1) 

190 

0 

0 

0 

)) 

Lung* 

0 

0 

0 

0 

)) 

Liver* 

0 

0 

0 

0 

It 

Spleen* 

0 

0 

0 

0 

869 

14  days 

Frescapular 

234 

7 

•7 

.3-0 

gland. 

') 

1) 

Lung 

16 

1 

•1 

6-2 

1) 

'J 

Liver 

2 

0 

0 

0 

)i 

)) 

Spleen 

7 

0 

0 

0 

Summary  (omitting  specimens  marked  thus  *).— In  an  area  containing  6,000  leucocytes  565  bacilli  were  found  ; 
but  only  8  were  within  leucocytes,  the  percentage  of  leucocytes  containing  bacilli  being  -1.  and  the  percentage  of 
■bacilli  within  leucocytes  1'4. 
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PHAGOCYTIC  ACTION  OP  THE  CALF'S  FINELY  GRANULAR  OXYPHIL  LEUCOCYTES  IN 
TERMINAL  STAGES  OP  INFECTION  WITH  MAMMALIAN  TUBERCLE  BACILLI 

OP  HIGH  VIRULENCE. 


METHOD  OF  INOCULATION— SUBCUTANEOUS. 

Dose  foe  each  Animal — 50  mg.  ov  Culture. 


Number 
of 
Calf. 

Virus. 

Duration 
of 

Experiment 
in  Days. 

Organ 
Examined. 

Number  of  Bacilli 
present  in  an  area 
containing  1,000 
Leucocytes. 

Number  of 
Bacilli  con- 
tained within 
Leucocytes. 

Percentage  of 
Leucocytes 
containing 
Bacilli. 

Percentage  of 
Bacilli  w^ithin 
Leucocytes. 

244 

B  IX. 

19 

Lung* 

892 

101 

6-7 

11-3 

" 

T^nnlif^pn  1 

Xi.  fj  KiLLlJLail-L  U 

242 

18"5 

gland.. 

111  cTi 

276 

Tl  XTT 

24 

A.bundant 

263 

16'4 

Moderately 

Allg  U.. 

Liver 

280 

4 

•3 

1-4 

» 

J-  U  kf  J.i.  UCiCvJ. 

A  Vni  Tt   n.n  t", 

XH.  KJ  UlXKA-CvXA.  U 

168 

8'7 

RnfrViPT  (am nil 

gland. 

(about  3,000). 

250 

B  XIV. 

30 

Lung- 

1219 

98 

7-8 

8 

)> 

" 

Liver 

A  hn  n  rl  n  n  t. 

yj  \XLl\A.tAiH  U 

27 

I'S 

Small 

)j 

" 

)! 

J-       Jj  J.1  UCMii. 

A  Im  Ti  fl  n  n  f*. 

-£V  M  14  l-l  LICIjU  U 

305 

17 

XiiV/UC  J.  €XLC/ J.  J 

gland. 

high. 

D/i4 

36 

Lung' 

A  llTl  Tl  fl   T1 1", 

jTi.  M  LI  iJ.Uctll  U 

171 

9-7 

'Rfi.t'iTiPV  sjmnll 

M 

Liver 

Abundant 

21 

1-5 

Very  small. 

(about  2,000). 

J» 

Popliteal 

Abundant 

381 

18-4 

Eather  high. 

gland. 

rnhnnt  ^  000^ 

^OU 

"D  YTT 
r  Ail. 

41 

Lung 

A       n n in 
Ull  1.1(111  (j 

114 

7"8 

T?!il:}ipv  Qmnll 

)> 

" 

" 

IV  1 

1290 

28 

1  '9 

2*2 

n 

Abundant 

198 

12-4 

Moderately 

gland. 

(about  2,000). 

high. 

1267 

H  69.  P.K. 

56 

Lung 

Numerous 

28 

2 

Small. 

(about  1,500). 

)) 

Liver 

391 

0 

0 

0 

)» 

Popliteal 

Abundant 

73 

5-7 

Small. 

gland. 

(about  2,000). 

693 

H29.  M.P. 

63 

Lung 

Abundant 

119 

8-3 

Rather  small. 

(about  2,000). 

Very  small. 

V 

Liver 

Abundant 

14 

1-1 

(about  1,500). 

Thoracic 

Abundant 

90 

6-6 

Small. 

gland. 

(about  3,000). 

440 

E  IIL 

72 

Lung 

2426 

232 

12-9 

9-5 

I) 

» 

Liver 

1343 

0 

0 

0 

J) 

Prepectoral 

Abundant 

302 

14-7 

Moderately 

gland. 

(about  4,000). 

high. 

787 

H49.  T.C. 

81 

Lung 

Abundant 

271  ■ 

20 

Moderate. 

(about  4,000). 

Thoracic 

Abundant 

403 

25-3 

Moderately 

gland. 

(about  4,000). 

high. 

448 

P.  XIV. 

104 

Lung 

2251 

382 

14 

16-9 

SuMMAET. — In  an  area  containing  26,000  leucocytes  4,035  bacilli  were  found  within  leucocytes,  the  percentage  of 
leucocytes  containing  bacilli  being  9-2. 
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PHAGOCYTIC  ACTION  OF  THE  CALF'S  FINELY  GRANULAR  OXYPHIL  LEUCOCYTES  IN 
LATER  STAGES  OF  INFECTION  WITH  MAMMALIAN  TUBERCLE  BACILLI  OF 
RELATIVELY  LOW  VIRULENCE. 


METHOD  OF  INOCULATION— SUBCUTANEOUS. 


Number 
of 
Calf. 

Virus. 

Dose  of 
Bacilli. 

Duration 
of  Experi- 
ment in 

davs 

Organ 
Examined. 

Number  of 
Bacilli  present 
in  an  area  con- 
taining 1,000 

Leucocytes. 

Number  of 
Bacilli 

contained 
■within 

Leucocytes. 

Percentage 
of 

Leucocytes 
containing' 
Bacilli. 

Percentage 
of 
Bacilli 
■within 

Leucocytes. 

426 

P.  IV. 

200  mg. 

29 

Lung- 

259. 

11 

•7 

4-2 

Liver 

6 

0 

0 

0 

" 

)) 

Prescapular 

on  ^ 

.5 

1 

1  t 

j^land . 

185 

H  9.  C.T. 

'7o  cc. 

f  n 

Lung- 

\t 

A 

A 
U 

»» 

" 

rf  escapular 

1 08 

1 

.  1 

i 

1 
X 

Poland, 

165 

TT  ^  o       m  m 

H  18.  T.T. 

5  / 

Lung 

2 

0 

0 

A 
U 

000 

TT  9 S  .TP 

100.000.000 

61 

LunQ- 

2 

0 

0 

0 

H 

Mesenteric 

91 

0 

0 

0 

gland. 

498 

EIV. 

50  mg. 

89 

Lung 

99 

11 

11-1 

273 

H16.  J.H. 

11,000,000 

89 

Lung- 

o 

0 

0 

0 

Thoracic 

6 

0 

0 

1) 

gland. 

312 

P.  IV. 

50  mg. 

90 

Lung* 

Abundant 

113 

7 

Rather 

small. 

406 

EIL 

10  mo-. 

91 

Lung"*" 

Abundant 

50 

3-1 

Small. 

(about  4,000). 

B'lesenteric; 

Abu.ndant 

22.' 

11-2 

Moderate. 

gland.* 

Summary  (omitting  specimens  marked  thus  *). — In  an  area  containing  11,000  leucocytes  877  bacilli  were  found  ; 
28  of  these  ■were  -within  leucocytes,  the  percentage  of  leucocytes  containing  bacilli  being  '2,  and  the  percentage  of 
bacilli  -within  leucocytes  3.2. 


PHAGOCYTIC  ACTION  OF  THE  CALF'S  FINELY  GRANULAR  OXYPHIL  LEUCOCYTES 
UPON  MAMMALIAN  TUBERCLE  BACILLI. 


METHOD  OF   INOCULATION— INTRAVENOUS. 


Number 
of 
Oalf. 

Virus. 

Dose  of 
Bacilli. 

Duration 

of 
Experi- 
ment in 
Days. 

Organ 
Examiusd. 

Ni-imber  of 
Bacilli  present 
in  an  area  con- 
taining 1,000 
Leucocytes. 

Number  of 
Bacilli 

contained 
within 

Leucocj'tes. 

Percentage 
of 

Leucocytes 
containing 
Bacilli. 

Percentage 
of 
Bacilli 
-within 

Leucocytes. 

529 

H  17.  Sp.B. 

1,000,000,000 

)) 

13 

Lung* 
Liver 

Very  abun- 
dant (about 
5,000). 
1,500 

Small 
(Impossible 
to  count). 
0 

Small 
0 

Very  small. 
0 

)i 

831 

)> 

H  25.  A.T. 

)> 

1,000,000,000 

17 

}) 

Sternal 
gland. 
Lung 

Liver 

43 

Abundant 
(about  2.000). 
890 

0 
0 

0 
■  5 

0 

0 

Very  small. 
0 

)! 

Iliac  gland 

300 

0 

u 

0 

859 

H  25.  A.T. 

2,000,000,000 

19 

Lung- 
Liver 

Abundant 
(about  3.000). 
369 

111 

0 

6-2 

0 

Very  small. 
0 

89 

H  2.  Sp.B. 

300,000 

23 

Lung 

Bronchial 
gland. 

Abundant 
(about  2,000), 

Abundant 
(about  3,000). 

13 

2 
1 

Very  small. 
Very  small. 

27676 
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PHAGOCYTIC  ACTION  OF  THE  CALF'S  FINELY  GRANULAR  OXYPHIL  LEUCOCYTES  UPON 
MAMMALIAN  TUBERCLE  BACILLI— continued. 


Number 
of 
Calf. 

 '  

Virus. 

-L'UbC  Ul 

Duration 

of 
Experi- 
ment in 
Days. 

Urgan 
Examined. 

Number  of 
Bacilli  present 
in  an  area  con- 
taining 1,000 

Leucocytes. 

Number  of 

Bacilli 
contained 
within 

Leucocytes. 

Percentage 
of 

Leucocytes 
containing 
Bacilli. 

Percentage 
of 
Bacilli 
within 

Leucocytes. 

749 

in  TXT 

46  mg. 

24 

Lung 

Abundant 

6 

•6 

_  

Very  small. 

(about  2,000). 

!) 

>> 

)) 

Liver 

850 

0 

0 

0 

II 

)) 

Mesenteric 

1,467 

0 

0 

0 

305 

gland. 

TT  Q 

a  n 
b.O. 

730,000 

26 

Lung 

Abundant 

0 

0 

0 

(about  2,000). 

Liver 

606 

0 

0 

0 

Bronchial 

Abundant 

0 

0 

0 

1373 

gland. 

(about  2,000). 

M  OO. 

TT  "D 

10  mg. 

28 

Lung 

Numerous 

58 

3-3 

Small. 

)) 

Liver 

1,600 

0 

0 

0 

" 

Mediastinal 

Abundant 

0 

0 

0 

399 

H  22. 

T71  TKT 

F.W. 

gland. 

(about  2,000). 

700,000,000 

34 

Lung 

Abundant 

55 

3-2 

Very  small. 

(about  3,000). 

Liver 

Abundant 

5 

•4 

Very  small. 

(about  2,000). 

Bronchial 

Abundant 

7 

•7 

Very  small. 

lo91 

gland. 

(about  2,000). 

H  53. 

D.H. 

1  mg. 

40 

Lung 

"Very  abundant 

204 

12 

Rather 

small. 

)! 

)J 

Liver* 

0 

0 

0 

0 

Mediastinal 

Abundant 

90 

5-3 

Very  small. 

319 

H  12. 

gland. 

(about  2,000). 

H.N. 

100,000,000 

57 

Lung 

Abundant 

118 

6-5 

Very  small. 

(about  3,000). 

» 

') 

Liver 

1,500 

0 

0 

0 

361 

H  8. 

S.C. 

41,500,000 

76 

Lung 

6 

0 

0 

0 

)j 

Bronchial 

90 

0 

0 

0 

gland. 

Summary  (omitting  specimens  marked  thus  *). — In  an  area  containing  27,000  leucocytes  695  bacilli  were  found 
within  leucocytes,  the  percentage  of  leucocytes  containing  bacilli  being  1*5. 


PHAGOCYTIC   ACTION   OP   FINELY   GRANULAR   OXYPHIL   LEUCOCYTES  UPON 
MAMMALIAN  TUBERCLE  BACILLI  IN  CALVES  PREVIOUSLY  VACCINATED. 


METHODS    OF    VACCINATION— VARIOUS    («ee  pp.  27-33). 
Test  Dose  fob  each  Vaccinated  Animal— 50  Mg.  of  B  XXVI.  (subcutaneously  inoculated). 


Number 
of 

Calf. 

Duration  ot 
Immunisation 
in  Days. 

*  Duration  of 
Experiment, 
in  Days,  after 
Test  Inocula- 
tion. 

Organ 
Examined. 

Number  of 
Bacilli 
present  in  an 
area  contain- 
ing 1,000 
Leucocytes. 

Number  of 
Bacilli  con- 
tained 
within 
Leucocytes. 

Percentage 
of  Leuco- 
cytes con- 
taining 
Bacilli. 

Percentage 
of  Bacilli 
within 
Leucocytes. 

476 

(Control) 

D.  57 

Lung 

Abundant 

173 

15-2 

Small. 

Bronchial  gland 

Abundant 

233 

18-5 

Small. 

474 

If 

K.  92 

Lung 

135 

4 

•3 

3 

» 

Bronchial  gland 

Numerous 

2 

•2 

Very  small. 

(about  2,000). 

416 

r>l 

K.  89 

Lung 

63 

0 

0 

0 

)> 

Mediastinal  gland 

110 

0 

0 

0 

1027 

03 

D.  46 

Lung 

Numerous 

29 

2-5 

Very  small. 

(about  2,000). 

Popliteal  gland 

8 

0 

0 

0 
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PHAGOCYTIC  ACTION  OF  FINiiLY  GRANULAR  OXYPHIL  LEUCOCYTES  UPON  MAMMALIAN 
TUBERCLE  BACILLI  IN  CALVES  PREVIOUSLY  YACCmATEB— continued. 


Number 
of 
bait. 

Duration  of 
Immunisation 
in  Ddys. 

*  Duration  of 
Experiment, 
in  Days,  after 

i       L   J-liUv/ 11  111- 

tion. 

_  .  ' 

Organ 
Examined. 

Number  of 
Bacilli 
present  in  an 
area  contain- 
ing 1,000 
Leucocytes. 

Number  of 
Bacilli  con- 
tained 1 
within 
Leucocytes. 

Percentage 
of  Leuco- 
cytes con- 
taining 
Bacilli. 

Percentage 
of  Bacilli 

within 
Leucocytes. 

63 

K.  91 

Lung 

9 

0 

0 

0 

Bronchial  gland 

6 

0 

0 

0 

1025 

63 
11 

K.  92 

Lung 
Bronchial  gland 

Numerous 
(about  2,000). 
44 

0 

0 
0 

0 
0 

1043 

114 

D.  53 

Lung- 

27 

0 

0 

0 

t) 

Bronchial  gland 

24 

0 

0 

0 

1033 

114 

K,  90 

Lung 

18 

0 

0 

0 

1) 

M 

Prescapular  gland 

6 

0 

0 

0 

lUO  J 

114 

K.  91 

26 

0 

0 

0 

»j 

Bronchial  glandf 

0 

0 

0 

0 

1039 
923 

114 

yt 
244 

K.  93 
D.  36 

Lung 
Prescapular  gland 
Lung 

Numerous 
(about  2,000). 

Numerous 
(about  2,000). 
408 

0 
8 
8 

0 
•8 
•8 

0 

Very  small. 
2 

1) 

Mediastinal  gland 

I  204 

2 

•2 

1 

♦  D  =  Died.  K  =  Killed. 


Sdmmaky  (omitting  specimen  marked  thus  f). — In  the  tissues  of  the  control  animals  412  bacilli  were  present 
within  leucocytes,  in  an  area  containing  4,000  leucocytes,  the  percentage  of  leucocytes  containing  bacilli  being  8"5. 
In  the  tissues  of  the  vaccinated  animals  47  bacilli  were  present  within  leucocytes,  in  an  area  containing  17,000 
leucocytes,  the  percentage  of  leucocytes  containing  bacilli  being  •;->. 


PHAGOCYTIC  ACTION  OF  THE  SWINE'S  FINELY  GRANULAR  OXYPHIL  LEUCOCYTES 
IN  EARLY  STAGES  OF  INFECTION  WITH  MAMMALIAN  TUBERCLE  BACILLI  OF 
HIGH  VIRULENCE. 


METHOD  OF  INOCULATION— SUBCUTANEOUS. 
Dose  foe  Each  Animal— 20  mg.  of  Culture  of  Vieus  B  IV. 


Number 
of  Pig. 

Duration  of 
Experiment. 

Organ 
Examined. 

Number  of  Bacilli 
present  in  an  area 
containing  1,000 
Leiicocytes. 

Number  of 
Bacilli  con- 
tained within 
Leucocytes. 

Percentage  of 
Leucocytes  con- 
taining Bacilli. 

Percentage  of 
Bacilli  within 
Leucocytes. 

144 

24  hours 

Cervical 

179 

6 

-.1 

3-4 

146 

gland. 

3  days 

391 

15 

14 

3-8 

148 

5  days 

Cervical 

636 

57 

4-7 

9'0 

142 

gland. 

8  days 

983 

103 

8-3 

10-5 

»J 

Lung 

88 

r, 

■6 

6-8 

150 

14  days 

Cervical* 

Abundant 

287 

Ur'J 

High 

gland. 

(about  2,000) 

Lung 

23 

3 

•?> 

13-0 

Summary  (omitting  the  specimen  malrked  thus  *).— In  an  area  containing  6,000  leuoocytea  2,300  bacilli  were 
found ;  190  of  these  were  within  leucocytes,  the  percentage  of  leucocytes  containing  bacilli  being  2-6,  and  the 
percentage  of  bacilli  within  leucocytes  8-3. 


27676 
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PHAGOCYTIC  ACTION  OF  THE  SWINE'S  FINELY  GRANULAR  OXYPHIL  LEUCOCYTES  IN 
LATER  STAGES  OF  INFECTION  WITH  MAMMALIAN  TUBERCLE  BACILLI. 


Number 
of 
Pig. 

Virus. 

Mode 

O] 

Infection. 

Dose 

of 
Bacilli. 

Duration 
of  Experi- 
mect  in 
Days. 

Organ 
Examined. 

Number  of 
Bacilli  present 
in  an  area  con~ 
taining  1,000 
Leucocytes. 

Number 
of  Bacilli 
contained 

■within 
Leucocytes. 

Percentage 
of 

Leucocytes 
containing 
Bacilli. 

Percentage 
of 
Bacilli 
within 

Leucocytes. 

18 

B  I, 

Feeding 

1,000,000 

39 

Lung 

20 

0 

0 

0 

3) 

94 

») 

BIV. 

Siibcutaneons 

1  mg. 

61 
)) 

Mesenteric 
gland. 
Lung* 

Liver 

15 

Abundant 
(about  3,000) 
50 

0 
33 
0 

0 
25 
0 

Small 
0 

JJ 

?) 

)» 

)> 

Spleen 

94 

4 

0'4 

43 

;» 

)> 

)) 

»> 

Mesenteric 
gland.* 

Abundant 
(about  3,000) 

47 

3-9 

Small 

194 

EIIL 

Subcutaneous 

10  mg. 

63 

Lung 

445 

10 

0-7 

2-2 

») 

>) 

i> 

)j 

Liver 

22 

0 

0 

0 

1) 

»> 

t) 

Spleen* 

0 

0 

0 

0 

»» 

49 
126 

JJ 

H  50 
P.H. 
P  IV. 

» 

Subcutaneous 
Subcutaneous 

50  mg. 
1  mg. 

" 

92 
114 

Submax. 
Lymph,  gl. 
Lung 

Lung 

43 
5 
23 

0 
0 
0 

0 
0 
0 

0 
0 
0 

20 

B  I. 

Feeding 

10,000,000 

115 

Lung 

48 

6 

0'6 

12'5 

80 

BIV. 

;? 

Feeding 

?) 

10,,000,000 

)) 

131 

Submax. 
Lymph,  gl. 
Lung 

•  20 

43 

2 
1 

0-2 
0-1 

10-0 
2-3 

92 

BIV. 

Feeding 

10,000,000 

137 

Lung 

1,100 

18 

1-4 

1-6 

»J 

)» 

)» 

» 

)) 

Liver 

49 

0 

0 

0 

M 

i) 

)j 

)l 

JJ 

Spleen 

565 

69 

5'7 

1-2 

a 

186 

)) 

)) 

SIL 

)) 

Subcutaneous 

50  mg. 

I) 

»5 

174 

1) 

Tracheal 
gland. 
Lung* 

Liver 

198 
Abundant 
5 

7 

Small 
0 

0-7 
7-7 

0 

3-5 

Small 
clumps. 
0 

») 

J! 

)! 

Spleen 

69 

7 

0-7 

10 

>» 

i> 

») 

)J 

Bronchial 
gland. 

187 

9 

0-7 

4-6 

Summary  (omitting  specimens  marked  thus  *). — In  an  area  containing  19,000  leucocytes  3,001  bacilli  have  been 
found  ;  133  of  these  were  within  leucocytes  the  percentage  of  leucocytes  containing  bacilli  being  '6,  and  the 
percentage  of  bacilli  within  leucocytes  4'4. 


PHAGOCYTIC  ACTION  OF  THE  RABBIT'S  FINELY  GRANULAR  OXYPHIL  LEUCOCYTES  IN 
EARLY  STAGES  OF  INFECTION  WITH  MAMMALIAN  TUBERCLE  BACILLI  OF 
RELATIVELY  LOW  VIRULENCE. 


METHOD  OF  INOCULATION— INTRAVENOUS. 
Dose  fok  Each  Animal — 1  mg.  of  Culture  op  Virus  H  90  I.P. 


Number 
of 

Animal. 

Duration  of 
Experiment. 

Organ 
Examined. 

Number  of  Bacilli 
present  in  an  area 
containing  1,000 
Leucocytes. 

Numbei  of 
Bacilli  con- 
tained within 
Leucocytes. 

Percentage  of 
Leucocytes  con- 
taining Bacilli. 

Percentage  of 
Bacilli  within 
Leucocytes. 

1567 

24  hours 

Lung 

37 

3 

0-3 

8-0 

!) 

!) 

Liver 

16 

2 

0-2 

12-5 

)> 

Spleen 

6 

2 

0-2 

33-0 

1568 

3  days 

Lung 

53 

4 

0-1 

7-5 

)i 

Liver 

14 

1 

0-1 

7-1  ■ 

» 

)) 

Spleen 

21 

5 

0-3 

23-8 

Histology — Phagocytosis. 
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PHAGOCYTIC  ACTION  OF  THE  RABBIT'S  FEn'BLY  GRANULAR  OXYPHIL  LEUCOCYTES  IN  EARLY 
STAGES  OF  INFECTION  WITH  MAMMALIAN  TUBERCLE  BACILLI  OF  RELATIVELY  LOW 
VIRU  LENC  'Ei—contmv.ed. 


Number 
of 

Animal. 

Duration  of 
Experiment, 

Organ 
Examined. 

Number  of  Bacilli 
present  in  an  area 

CULLIiCtillii-lg   1  ^'J\J\J 

Leucocytes. 

^S^umbcr  of 
Racilli  con- 

LctiLlcLl   \V  i  Lii-liU. 

Leucocytes. 

Percentage  of 
Leucocytes  con- 
taining Bacilli. 

Percentage  of 
Bacilli  vi'ithin 
Leucocytes. 

1570 

5  days 

Lung 

138 

8 

0-7 

5-8 

>» 

Liver 

13 

0 

0 

0 

Spleen 

18 

4 

0-2 

22-0 

1571 

8  days 

Lung- 

454 

25 

2-0 

5-5 

) 

)) 

Liver 

116 

9 

0-5 

8 

)» 

)f 

Spleen 

V 

0 

0 

0 

1569 

14  days 

Lung 

141 

6 

0-6 

4-2 

Liver 

133 

0 

0 

0 

Spleen 

23 

0 

0 

SuMMAEY.  In  an  area  containing  15,000  leucocytes  1,102  bacilli  were  found  :  GO  of  these  were  witliin  leucocytes 

the  percentage  of  leucocytes  containing  bacilli  being  '3,  and  the  percentage  of  bacilli  within  leucocytes  5'4. 


PHAGOCYTIC  ACTION  OF  THE  RABBIT'S  FINELY  GRANULAR  OXYPHIL  LEUC0GYT3S  IN 
EARLY  STAGES  OF  INFECTION  WITH  MAMMALIAN  TUBESCLE  BACILLI  OF 
HIGH  VIRULENCE.   


I, 

METHOD  OP  INOCULATION— INTRAVENOUS. 
Dose  foe  Each  Animal — 1  mg.  op  Cultuee  of  Vieus  B  III. 


Number 
of 

Animal. 

Duration  of 
Experiment. 

Organ 
Examined. 

Number  of  Bacilli 
present  in  an  area 
containing  1,000 
Leucocytes. 

Number  of 
Bacilli  con- 
tained within 
Leucocytes. 

Percentage  of 
Leucocytes  con- 
taining Bacilli. 

Percentage  of 
Bacilli  within 
Leucocytes. 

29 

24  hours 

Lung 

90 

9 

0-5 

10-0 

Liver 

64 

8 

0-6 

8-0 

)) 

Spleen* 

0 

0 

0 

0 

33 

3  days 

Lung- 

85 

i> 

0-4 

5-8 

)i 

Liver 

144 

1? 

0-8 

8-3 

!) 

) ) 

Spleen 

26 

2 

0-2 

7-7 

40 

5  days 

Lung 

253 

8 

0-8 

8-1 

»» 

?» 

Liver 

561 

5 

0-4 

0-9 

t) 

Spleen 

100 

6 

0-6 

6-0 

31 

10  days 

Lung* 

Alnmdaut 

15 

1-0 

Small. 

1) 

)) 

Liver 

1,498 

16 

1-5 

11 

)> 

Spleen 

421 

15 

11 

3-5 

30 

15  days 

Lung* 

Very  abundant 

74 

5-9 

Small. 

» 

)j 

Liver* 

Abundant 

15 

1-3 

Small. 

)* 

Spleen 

756 

19 

1-7 

2-5 

n. 

METHOD  OF  INOCULATION— INTRAVENOUS. 
Dose  foe  Each  Animal — 1  mg.  of  Cultuee  of  Virus  H  7  CM. 


42 

24  hours 

Lung 

230 

32 

2-4 

13-9 

)) 

Liver 

45 

3 

0-3 

6-6 

» 

)> 

Spleen* 

0 

0 

0 

0 

158 


Histology — Phagocytosis. 


PHAGOCYTIC  ACTION  OP  THE  RABBIT'S  FINELY  GRANULAR  OXYPHIL  LEUCOCYTES  IN  EARLY 
STAGES  OF  INFECTION  WITH  MAMMALIAN  TUBERCLE  BACILLI  OF   HIGH  VIRULENCE— 

continued. 


Number 
of 

Animal. 

Duration  of 
Experiment. 

Organ 
Examined. 

Number  of  Bacilli 
present  in  an  area 
containing  1,000 

Number  of 
Bacilli  con- 
tained within 

Tjpn  POP  vtipc; 

Percentage  of 
Leucocytes  con- 
taining Bacilli. 

Percentage  of 
Bacilli  within 
Leucocytes. 

40 

3  days 

Lung 

125 

10 

0-8 

8-0 

„ 

Liver 

189 

11 

1-0 

5-8 

„ 

Spleen 

19 

3 

0-2 

15-8 

50 

5  days 

Lung 

184 

10 

0-8 

5-5 

)» 

„ 

Liver 

103 

5 

0-5 

4-8 

■  J» 

Spleen 

22 

2 

0-2 

9-0 

49 

10  days 

Lung* 

Abundant 

46 

3-0 

Small. 

») 

Liver 

1,096 

4 

0-4 

0-4 

>) 

)) 

Spleen 

461 

15 

1-3 

3-3 

48 

15  days 

Lung* 

Very  abundant 

75 

6-9 

Small. 

») 

)) 

Liver* 

Abundant 

13 

1-0 

Small. 

)) 

Spleen 

559 

15 

1-3 

2-7 

SUMMAEY  of  I  and  II  (omitting  specimens  marked  thus  *). — In  an  area  containing  22,000  leucocytes  7,031  bacilli 
were  found ;  215  of  these  were  within  leucocytes,  the  percentage  of  leucocytes  containing  bacilli  being  '8,  and  the 
percentage  of  bacilli  within  leucocytes  3*1. 


PHAGOCYTIC  ACTION  OF  THE  RABBIT'S   FINELY  GRANULAR   OXYPHIL  LEUCOCYTES 

UPON  MAMMALIAN  TUBERCLE  BACILLI. 


LATER  STAGES  AFTER  INTRAVENOUS  INOCULATION. 


Number 

of 
Animal. 

Virus. 

Dose  of 
Bacilli. 

Duration 

of 
Experi- 
ment in 
Days. 

Organ 
Examined, 

Number  of 
Bacilli  present 
in  an  area  con- 
taining 1,000 

Leucocytes. 

Number  of 
Bacilli 

contained 
within 

Leucocytes. 

Percentage 
of  Leuco- 
cytes con- 
taining 
Bacilli. 

Percentage 
of 
Bacilli 
within 

Leucocytes 

36 

Bin. 

1  mg. 

M 
JJ 

18 

Lung* 
Liver* 
Spleen 

Abundant 
Abundant 
4,104 

Fairly 
numerous 
(uncount- 
able). 
Fairly 
.numerous 
(uncount- 
able). 
188 

Moderate 
Moderate 
13 

Rather 
small. 

Rather 
small. 

4-5 

1215 

H78.  O.D. 

mg. 

18 

Lung 

87 

0 

0 

0 

11 

Liver 

79 

0 

0 

0 

J  J 

Spleen 

80 

0 

0 

0 

37 

Bin. 

)) 

1  mg. 

23 

Lung* 
Liver 

Very 
abundant. 

Numerous 

Fairly 
numerous 
(uncount- 
able.) 
35 

Moderate 
2-6 

Moderate. 
Small. 

;) 

Spleen 

Numerous 

5 

•4 

Very  smalL 

1248 
»j 

H77.  R.L. 

»f 

■  1  mg. 

) ) 

23 

Lung 
Liver 

Numerous 
Numerous 

91 

5 

5-3 
■  5 

Rather 
small. 
Very  small. 

)) 

jj 

Spleen 

Numerous 

0 

U  ' 

0 
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PHAGOCYTIC  ACTION  OF  THE  RABBIT'S  FINELY  GKANULAR  OXYPHIL  LEUCOCYTES  UPON 
MAMMALIAN  TUBERCLE  BACILU—G07itinued. 


Number 

of 
Animal. 

Virus. 

Dose  of 
Bacilli. 

Duration 
of 
Experi- 
ment in 
Days. 

Organ 
Examined. 

Number  of 
Bacilli  present 
in  an  area  con- 
taining 1,000 
Leucocytes. 

Number  of 
Bacilli 

contained 
within 

Leucocytes. 

Percentage 
of  Leuco- 
cytes con- 
taining 
Bacilli. 

Percentage 
of  P.ipilli 
within 
Leuco- 
cytes. 

■ 



43 

H  7.  CM. 

1  mg. 

Lung* 

Abundant 

r  ail  ly 

Moderate 

Rather 

numerous 

small. 

able). 

)> 

Liver 

ly  Lini ciu us 

1  o 

1 "  1 

Very  small. 

?) 

Spleen 

Numerous 

Very  small, 

1342 

H87.  W.D. 

10  mg. 

26 

Lung 

273 

7 

•7 

2-6 

ii 

)» 

') 

)5 

Liver 

55 

0 

0 

0 

If 

?» 

Spleen 

19 

0 

0 

0 

1212 

H78.  O.D. 

1  mg. 

28 

Lung 

380 

4 

•4 

1 

)) 

5) 

Liver 

.34 

0 

0 

0 

j> 

)) 

J1 

Spleen 

6 

0 

0 

0 

Summary  (omitting  specimens  marked  thus  *). — In  an  area  containing  17,000  leucocytes  350  bacilli  have  been 
found  within  leucocytes,  the  percentage  of  leucocytes  containing  bacilli  being  1'4. 


PHAGOCYTIC  ACTION   OF  THE  GOAT'S  FINELY  GRANULAR  OXYPHIL  LEUCOCYTES  IN 
TISSUES  INFECTED  WITH  MAMMALIAN  TUBERCLE  BACILLI. 


umber 

of 
Goat. 

Virus. 

Mode  of 
Infection. 

Dose  of 
Bacilli. 

Duration 
of  Experi- 
ment in 
Days. 

Organ 
Examined. 

Number 
of  Bacilli 
present  in  an 
area  contain- 
ing 1,000 
Leucocytes. 

Number 
of  Bacilli 
conti  ined 
within 
Leuco- 
cytes. 

Percen- 
tage of 
Leuco- 
cytes con- 
taining 
Bacilli. 

Percent- 
age of 
Bacilli 
within 
Leuco- 
cytes. 

7 

H32 

Subcutaneous 

155,000,000 

27 

Lung 

248 

3 

1-2 

Y.W. 

Liver 

12 

0 

0 

() 

Thoracic 

101 

0 

(.) 

0 

gland. 

1 

Three 

Subcutaneous 

620,600,000 

34 

Lungt 

Abundant 

173 

9-6 

Small. 

human 

in  the  last 

(after  the 

(about  4,000), 

viruses, 

inoculation. 

last  in- 

19 

oculation). 

Two 

Subcutaneous 

310,330,000 

35 

Luiigt 

Abundant 

86 

5-7 

Small. 

human 

in  the  last 

(after  the 

(about  2,500), 

viruses, 

inoculation 

last  in- 

oculation). 

)) 

^) 

)) 

Thoracic 

405 

0 

0 

0 

gland. 

2 

B  V. 

Subcutaneous 

4,500,000 

54 

Lung 

172 

0 

0 

0 

Prescapular 

144 

0 

0 

0 

H  14 
F.  S. 

gland. 

5 

Subcutaneous 

4,500,000 

75 

Lungt 

174 

42 

3-0 

241* 

)J 

Thoracic 

11 

0 

1) 

0 

39 

H17 

izland. 

Subcutaneous 

102,000,000 

92 

Lung 

32 

0 

0 

(1 

Sp.  B. 

•i 

1) 

Bronchial 

12 

0 

0 

0 

35 

H31 

gland. 

Feeding 

10  mg. 

106 

Lung 

61 

0 

0 

0 

L.F. 

? ) 

1! 

Thoracic 

16 

0 

0 

0 

20 

BIV. 

gland. 

Feeding 

10,150,000 

131 

Lungt 

Abundant 

66 

3-5 

Small. 

(about  2,000). 

J) 

Cervical 

Abundant 

75 

4-3 

Small. 

glandf. 

(about  3,000). 

*  All  the  42  bacilli  found  within  leucocytes  vrere  contained  in  a  bronchus. 

Summary  (omitting  specimens  marked  thus  t).— In  an  area  containing  11,000  leucocytes  1,214  bacilli  have  been 
found  ;  only  3  of  these  were  within  leucocytes.  J  ' 
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A  COMPARISON  OP  FINELY  GRANULAR  OXYPHIL  LEUCOCYTES  IN  THE  BOVINE,  PIG, 

AND  RABBIT. 

Taking  only  the  specimens  where  bacilli  were  present,  were  countable  and  were  mammalian  in  type, 
the  following  results  are  obtainable  from  the  foregoing  tables  : — 


Species  of  Animal. 

Leucocytes  counted. 

No.  of  Bacilli  present 
in  this  area. 

No.  'of  Bacilli  in 
Leucocytes. 

Percentage  of  Bacilli 
in  Leucocjtes. 

Bovines  ■ 

25,000 

2,188 

36 

1-6 

Swine 

25,000 

5,301 

323 

6-1 

Rabbits 

37,000 

8,133 

275 

3-4 

C— THE  RELATION  OF  SMALL  LYMPHOCYTES  TO  MAMMALIAN  TUBERCLE  BACILLI. 


(1.)   At  the  Site  of  Inoculation. 


Calf  438. — Killed  24  hours  after  inoculation  with 
44  mg.  Small  lymphocytes  are  rare.  The  bacilli  are 
surrounded  with  an  enormous  number  of  multinuclear 
leucocytes. 

Calves  284  and  873. — Killed  three  days  after  inocu- 
lation with  50  mg.  Compare  i  with  the  24  hours' 
specimen,  small  lymphocytes  are  commoner,  both 
amongst  the  large  mass  of  bicilli  and  also  in  the 
peripheral  parts  of  the  lesion  where  bacilli  are  not 
very  numerous.  The  lymphocytes  are  irregularly 
distributed,  do  not  occur  in  groups,  and  are  very  much 
fewer  than  the  leucocytes. 

Calves  292  and  881. — Killed  eight  days  after  inocu- 
lation with  50  mg.  Compared  with  the  three  days' 
specimens,  there  is  a  general  increase  in  the  number  of 
small  lymphocyte^.  As  before,  these  cells  are 
irregularly  scattered  and  do  not  form  groups  ;  they 
appear  to  be  avoiding  the  areas  which  contain  dense 
masses  of  bacilli  and  are  breaking  down. 

Calves  288  and  869. — Killed  14  days  after  inocula- 
tion with  50  mg.  There  is  again  a  marked  increase 
in  the  number  of  small  lymphocytes.  They  often 
occur  in  groups,  especially  amongst  loose  connective 
tissue.  Lymphocytes  are  more  numerous  in  Calf  869 
(inoculated  with  bacilli  of  low  virulence)  than  in 
Calf  288  (inoculated  with  bacilli  of  high  virulence). 

Calf  769. — Died,  from  intercurrent  disease,  17  days 
after  inoculation  with  50  mg.  of  a  slightly  virulent 
virus.  Small  lymphocytes  are  very  numerous  ;  they 
occur  in  groups  and  are  also  loosely  distributed 
throughout  the  tissue.  Multinuclear  leucocytes  are 
also  numerous. 

Calf  ?'6  7.— Killed  25  days  after  inoculation  with 
50  mg.  of  a  culture  slightly  virulent  for  the  bovine. 


Amongst  the  fibro-caseous  walls  of  the  lesion  there  is 
a  considerable  sprinkling  of  small  lymphocytes,  but 
these  cells  are  much  less  numerous  than  plasma  cells. 

Calf  185. — .Killed  40  days  after  inoculation  with 
•75  cc.  of  an  old  culture  of  a  virus  of  low  virulence 
for  the  bovine.  External  to  the  caseous  areas  of  the 
lesion  small  lymphocytes  are  very  abundant  and  are 
greatly  in  excess  of  the  leucocytes. 

Calf  105. — Killed,  when  moribund,  47  days  after 
injcalaliou  with  tissue  containing  48,000  bacilli  of 
high  bovine  virulence.  Small  lymphocytes  are  fairly 
abundant  at  the  periphery  of  taseous  areas,  where 
leucocytes  are  also  abundant.  The  lymphocytes  do 
not  form  such  large  collections  as  are  often  found  in 
lesions  of  a  more  chronic  type. 

Calf  510. — Killed  96  days  after  inoculation  with 
50  mg.  of  culture  slightly  virulent  for  the  bovine. 
The  lesion  is  separated  from  the  subcutaneous  muscle 
by  a  dense  fibrous  wall,  in  the  interstices  of  which 
groups  of  small  lymphocytes  are  found.  Between  the 
fibrous  wall  and  the  caseous  interior  of  the  leiion  there 
is  a  cellular  zone  amongst  which  small  lymphocytes  are 
very  plentiful. 

Calf  267. — Killed  111  days  after  inoculation  with  a 
very  large  dose  of  dead  culture  belonging  to  a  virus  of 
low  virulence  for  the  bovine.  In  the  lesion,  which  is 
only  slightly  caseous,  there  are  large  groups  of  small 
lymphocytes,  and  these  cells  are  also  scattered  abun- 
dantly throughout  the  tissue. 

Heifer  81. — Killed  132  days  after  inoculation  with 
an  emulsion  of  human  tissue  containing  bacilli  of  high 
virulence  for  the  bovine.  Near  the  caseous  areas  small 
lymphocytes  are  scattered  irregularly,  and  at  the  peri- 
phery of  the  lesion  these  cells  are  often  collected  into 
groups. 


(2.)  In  Disseminated  Lesions  during  the  First  Fortnight. 


TWENTY-FODR  HOORS. 

Two  rabbits  were  inoculated  intravenously  with 
highly  virulent  bacilli  (dose  for  each,  1  mg.)  and  were 
killed  24  hours  afterwards.  In  the  lungs  of  both 
animals  small  lymphocytes,  though  much  less 
numerous  than  leucocytes,  are  in  excess  of  the  normal 
and  are  generally  distributed  ;  lymphocytes  are  more 
numerous  in  the  lungs  of  one  animal  than  in  the 
other.  In  the  livers  of  both  animals  the  bacilli  are  in 
close  contact  with  oxyphil  leucocytes  ;  near  to  these 
cells,  but  not  in  such  close  proximity  to  the  bacilli, 
there  is  a  somewhat  smaller  number  of  small 
lymphocytes. 

Thkee  Days. 

Tioo  rabbits  were  killed  three  days  after  intravenous 
inoculation  with  the  same  dose  of  the  same  material 
as  the  last.  In  both  animals  the  lungs  show  an  in- 
crease in  the  number  of  small  lymphocytes,  these  cells 
being  quite  as  numerous  as  the  leucocytes  both  within 


the  lesions  and  outside.  In  the  livers  both  lympho- 
cytes and  leucocytes  are  present  in  the  lesions  ;  in  the 
tissues  as  a  whole  these  two  types  of  cells  are  about 
equally  represented,  but  in  some  of  these  lesions 
lymphocytes  are  in  excess. 

Five  Days. 

Two  rabbits  vieve  killed  five  days  after  intravenous 
inoculation  with  the  same  dose  of  the  same  material  as 
the  last.  There  is  again  an  increase  in  the  number  of 
small  lymphocytes,  both  in  the  lungs  and  liver,  these 
cells  now  being  decidedly  more  numerous  than  the 
leucocytes. 

Eight  Days. 

Calf  292. — Killed  eight  days  after  subcutaneous 
inoculation  with  30  mg.  of  bovine  bacilli.  In  the 
lungs,  where  there  are  many  small  deposits  of  bacilli 
which  have  produced  minute  early  lesions,  oxyphil 
leucocytes  are  in  excess  of  the  normal  both  in  the 
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lesions  and  within  blood-vessels.  With  the  leuco- 
cytes small  lymphocytes  are  associated,  but  are  less 
numerous.  In  the  liver,  where  bacilli  are  rare,  there 
is  a  slight  excess  of  both  leucocytes  and  lymphocytes, 
particularly  in  association  with  the  lesions  ;  but  the 
proportion  of  lymphocytes  to  leucocytes  is  greater 
than  ia  the  lungs. 

piq  142.  Killed   eight  days  after  subcutaneous 

inoculation  with  20  mg.  of  bovine  bacilli.  In  the 
lungs  bacilli  are  fairly  numerous  and  are  irregularly 
distributed  throughout  the  tissue  ;  they  have  given 
rise  to  many  early  tubercles.  Leucocytes  are  very 
abundant,  and  small  lymphocytes  are  always  associated 
with  them.  Within  the  lesions  the  lymphocytes  are 
relatively  few,  compared  with  the  leucocytes  ;  in  the 
rest  of  the  tissue  they  are  almost  as  numerous  as  the 
leucocytes.  In  the  liver  bacilli  are  rare,  and  there  are 
only  a  few  early  tubercles.  Lymphocytes  are  as 
numerous  as  leucocytes  in  this  organ,  both  within  the 
lesions  and  in  the  rest  of  the  tissue. 

Ten  Days. 

Two  rabbits  were  killed  10  days  after  intravenous 
inoculation  with  the  same  dose  of  the  same  material 
as  the  rabbits  mentioned  above.  In  the  lungs  of 
both  animals  small  lymphocytes  are  very  numerous  ; 
there  is  a  great  increase  in  the  number  of  oxyphil 
leucocytes,  as  compared  with  the  five  days'  specimens. 
In  the  livers,  small  lymphocytes  are  greatly  in  excess 
of  leucocytes  at  the  periphery  of  the  lesions  and  in 
the  tissue  apart  from  the  lesions  ;  within  the  interior 
of  the  lesions  there  are  often  several  leucocytes  but 
no  lymphocytes.  In  the  kidneys  both  lymphocytes 
and  leucocytes  are  numerous  in  the  lesions. 

Thirteen  Days. 

Calf  529. — Died  thirteen  days  after  iutravenoas 
inoculation  with  a  tissue  emulsion  containing  about 
1,000  million  bacilli.    In  the  lungs,  where  bacilli  are 


very  abundant,  small  lymphocytes  are  numerous  in 
the  tissue  generally,  and  are  also  collected  at  the 
periphery  of  the  lesions.  In  the  liver  small  lympho- 
cytes are  much  less  numerous.  This  organ  shows 
diffuse  necrotic  areas  suggestive  of  a  toxic  infection 
and  also  smaller  lesions  more  resembling  tubercular 
foci. 

Fourteen  Days. 

Calf  2SS. — Killed  14  days  after  subcutaneous 
inoculation  with  50  mg.  of  bovine  bacilli.  In  the 
lungs  both  lesions  and  bacilli  are  much  more  numerous 
than  in  Calf  292  (eight  days),  but  the  relations  and 
distribution  of  the  lymphocytes  is  the  same,  these 
cells  being  less  numerous  than  the  leucocytes.  In  the 
liver,  where  there  are  many  small  tubercles,  small 
lymphocytes  are  relatively  more  frequent,  and  in 
some  of  the  lesions  are  about  twice  as  numerous  as 
the  leucocytes  ;  the  lymphocytes  are  also  freely 
distributed  in  the  circulation  of  this  organ.  In 
lesions  found  in  the  kidneys  lymphocytes  are  also 
fairly  numerous. 

Calf  869. — Killed  14  days  after  subcutaneous 
inoculation  with  50  mg.  of  bacilli  slightly  virulent 
for  the  bovine.  The  lungs  contain  a  few  small 
tubercles,  in  which  bacilli  are  scanty.  Lymphocytes 
are  present  in  the  lesions,  but  are  less  numerous  than 
leucocytes. 

Pig  150. — Killed  14  days  after  subcutaneous 
inoculation  with  20  mg.  of  bovine  bacilli.  In  the 
lungs  the  lesions  are  rather  more  advanced  than  in 
Pig  142  (eight  days),  but  bacilli  do  not  appear  to  be 
more  numerous  in  individual  lesions.  Both  lympho- 
cytes and  leucocytes  are  more  numerous  than  in  the 
eight  days'  specimen,  but  there  is  the  same  relation 
between  them.  In  the  liver,  where  there  are  a  few 
small  lesions  and  bacilli  are  scanty,  lymphocytes  are 
moderately  numerous  in  the  lesions  and  are  rather  iu 
excess  of  the  leucocytes. 


(3.)  Later  Lesions— Acute. 


In  rabbits  infected  by  intravenous  inoculation  of 
virulent  bacilli  no  great  change  is  observed  in  the 
small  lymphocytes  from  the  tenth  day  until  the 
disease  terminates  fatally  (between  the  third  and 
fourth  week).  Iq  two  rabbits  killed  on  the  15th  day 
the  lungs  sliow  a  great  increase  in  the  number  of 
oxyphil  leucocytes,  but  the  small  lymphocytes  are 
still  very  numerous  except  in  the  interior  of  the 
lesions,  which  are  becoming  necrotic.  In  the  livers 
the  lymphocytes  are  more  numerous  than  the 
leucocytes.  In  the  kidneys,  where  there  are  only 
slight  lesions,  lymphocytes  are  not  particularly 
numerous.  In  rabbits  similarly  inoculated  which 
died  at  later  periods  (18th  to  24th  day)  the  lympho- 
cytes in  the  lungs  and  liver  show  no  change  as 
compared  with  the  15  days'  specimens  ;  the  kidneys 
show  rather  more  advanced  lesions,  which  contain 
more  lymphocytes. 

In  calves  fatally  infected  by  subcutaneous  inocula- 
tion of  large  doses,  the  number  of  small  lymphocytes 
present  in  the  lesions  at  the  time  of  death  varies 
considerably  in  different  specimens.  In  the  lungs 
they  are  usually  abundant,  but  owing  to  the  uni- 
formity of  their  distribution  they  do  not  make  a 
prominent  feature  in  the  general  structure  of  the 
tissue.  Though  generally  distributed,  they  tend  to  be 
more  numerous  at  the  margins  of  the  lesions  than 
elsewhere,  but  in  these  situations  they  are  collected 


in  a  loose  and  irregular  fashion  which  is  in  contrast 
to  the  more  copious  and  denser  aggregation  of  these 
cells  found  at  the  periphery  of  lesions  of  a  more 
chronic  type.  In  the  livers  also  the  small  lympho- 
cytes vary  considerably.  In  some  specimens,  generally 
those  in  which  the  oxyphil  leucocytes  are  particularly 
numerous,  the  lymphocytes  are  relatively  scanty  ;  and 
in  others  the  lymphocytes  outnumber  the  leucocytes. 
The  lymphocytes  tend  to  aggregate  round  the  margins 
of  the  tubercles,  particularly  those  which  are  centrally 
caseous,  and  along  tracts  of  interlobular  connective 
tissue  ;  but  these  aggregations  are  less  dense  than 
those  found  in  chronic  lesions.  In  the  kidneys  small 
lymphocytes  occur  abundantly  at  the  periphery  of 
caseous  lesions  and  within  the  areas  of  early  infiltra- 
tion ;  they  generally  greatly  outnumber  the  leuco- 
cytes. 

In  calves  fatally  infected  by  intravenous  inoculation 
no  differences  of  importance  have  been  observed  as 
regards  the  small  lymphocytes.  As  in  Calf  529,  the 
lungs  of  animals  dying  at  later  periods  generally  con- 
tain large  numbers  of  these  cells.  In  the  livers  the 
condition  is  more  variable.  Where  there  is  diffuse 
necrotic  change  suggestive  of  intoxication,  the  lympho- 
cytes are  not  abundant  ;  they  are  more  numerous 
where  this  condition  is  absent  and  where  the  ordinary 
tissue  changes  associated  with  tuberculosis  are  in 
progress. 


(4.)  Later  Lesions— Less  Acute  and  Chronic. 


In  lesions  of  intermediate  severity  there  is  a 
tendency  for  the  small  lymphocytes  to  increase  in 
number  at  the  periphery  of  the  lesions  and  to  find 
their  way  into  the  interior.  For  example,  in  the 
lungs  of  Calf  340,  killed  92  days  after  subcutaneous 
inoculation  with  10  mg.  of  bovine  bacilli,  there  are 
many  caseous  areas  which  appear  to  be  coalescing, 
though  they  show  a  tendency  to  fibroid  demarcation 
at  their  periphery  ;  small  lymphocytes  are  abundant 
throughout  the  tissue  even  in  the  areas  of  early  casea- 
tion ;  but  they  are  not  closely  packed  together  and 
do  not  form  a  definite  zone  at  the  periphery  of  the 
lesions.    The  lungs  of  Calf  312,  killed  90  days  after 


subcutaneous  inoculation  with  50  mg.  of  a  porcine 
virus  of  relatively  low  virulence,  also  illustrate  lesions 
of  the  intermediate  type.  In  this  case  the  infiltration 
of  small  lymphocytes  at  the  periphery  of  the  caseous 
lesions  is  denser  than  in  Calf  340,  and  many  of  the 
smaller  and  non-caseous  tubercles  are  crowded  with 
these  cells.  The  lungs  of  Calf  905;  killed  90  days 
after  subcutaneous  inoculation  with  50  mg.  of  a  virus 
possessing  an  intermediate  degree  of  virulence,  also 
show  slowly  progressive  semi- confluent  lesions  ;  in 
this  specimen  small  lymphocytes  are  very  abundant 
and  are  often  collected  into  large  groups. 

But  the  number  of  small  lymphocytes  present  in 
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the  less  severe  infections  is  very  variable,  and  it 
cannot  be  laid  down  as  a  general  rule  that  the  increase 
of  these  cells  is  proportionate  to  the  diminution  in  the 
severity  of  the  infectioa.  In  the  tissues  of  many 
rabbits  showing  slowly  progressive  disease  the  small 
lymphocytes,  particularly  in  the  lungs,  are  relatively 
inconspicuous,  whereas  oxyphil  leucocytes  are  abundant. 

In  the  chronic  and  definitely  retrogressive  lesions 
there  is  again  a  great  deal  of  variation  in  the  number 
of  small  lymphocytes  present.  In  lesions  which 
consist  merely  of  a  caseo-calcareous  centre  surrounded 
by  compact,  non-vascularised,  fibrous  tissue,  lympho- 
cytes are  rare  ;  where  the  fibrous  zone  is  less  dense, 
small  islands  of  lymphocytes  may  be  found  in  the 
gapa  ;  and  where  there  is  a  cellular  zone  internal  to 
the  Bbrous  periphery,  these  cells  are  generally  fairly 


plentiful.  Then  caseating  and  obviously  retrogressive 
toci  are  often  met  with  which  show  little  or  no 
evidence  of  a  fibrous  periphery.  When  the  develop- 
ment of  these  lesions  is  arrested  at  an  early  stage,  just 
at  the  commencement  of  caseation,  small  lymphocytes 
make  their  way  into  the  interior  of  the  lesion  ;  they 
may  completely  fill  it  up,  rendering  it  almost  indis- 
tinguishable from  a  nodule  of  normal  lymphoid 
tissue,  or  they  may  permeate  it  less  completely, 
leaving  small  gaps  where  giant  cells  are  generally 
seen.  And  frequently  the  central  focus  becomes  com- 
pletely caseous  or  calcareous  ;  surrounding  this  there 
is  a  broad  zone  of  cells  consisting  almost  entirely  of 
small  lymphocytes  ;  interspersed  amongst  these  there 
may  be  a  few  oxyphil  leucocytes,  but  there  is  very 
little  evidence  of  a  fibrous  or  endothelial  stroma. 


D.— THE  RELATION  OP  ENDOTHELIAL  CELLS  TO  MAMMALIAN 
TUBERCLE  BACILLI. 


(1.)  Swelling. 


(a")  In  Cells  Retaining  their  Connection  with 
AN  Endothelial  Lining. 

Except  in  lesions  which  have  healed  or  are  at  least 
definitely  quiescent,  swelling  of  the  endothelial  cells 
is  constantly  found  in  tissues  infected  with  the 
tubercle  bacillus. 

In  the  local  lesions  produced  in  calves  by  subcu- 
taneous inoculation  this  swelling  is  generally  very 
conspicuous,  particularly  in  the  early  periods  of  tissue 
change.  In  a  specimen  removed  24  hours  after 
inoculation  (Calf  438),  the  predominant  feature  is  the 
invasion  of  leucocytes,  and  the  reaction  of  the  fixed 
tissue  elements  has  hardly  commenced,  but  the  endo- 
thelium of  the  capillaries  is  slightly  swollen.  In 
three  days'  local  lesions  (Calves  284  and  873)  the 
swelling  of  the  endothelium  is  very  conspicuous  and 
is  found  in  all  parts  of  the  tissue.  In  eight  days' 
specimens  (Calves  292  and  881)  many  of  the  endo- 
thelial cells  are  beginning  to  be  affected  by  degenera- 
tive processes,  and  though  numerous  examples  of 
swollen  endothelial  cells  are  met  with,  the  general 
impression  conveyed  by  the  specimens  is  that  this 
tendency  is  less  marked  than  in  the  three  days'  speci- 
mens. In  14  days'  specimens  (Calves  288  and  869) 
the  degenerative  processes  are  further  advanced,  but 
apart  from  these  areas  the  swelling  of  the  endothelial 
cells  is  again  very  conspicuous  and  recalls  the  condi- 
tion found  in  the  three  days'  specimens.  Examples 
of  later  local  lesions  need  not  be  quoted  in  detail. 
They  all  serve  to  illustrate  the  general  fact  that 
except  in  situations  where  the  disease  is  quiescent  or 
where  degenerative  changes  predominate,  the  endo- 
thelial cells  are  generally  swollen. 

The  same  tendency  of  the  endothelial  cells  to  swell 
up  is  also  observed  in  the  other  tissues  of  the  body. 
It  is  well  seen  in  early  infections  of  the  liver.  In  a 
series  of  rabbits  killed  at  short  intervals  after  intra- 
venous inoculation  with  1  mg.  of  virulent  bacilli  this 
swelling  is  conspicuous  as  early  as  the  first  day  and  is 
found  in  all  the  animals  killed  at  later  periods,  the 
number  of  swollen  endothelial  cells  progressively- 
increasing.  The  same  change  is  observed  In  the  livers 
of  rabbits  intravenously  inoculated  with  dead  bacilli, 
e.g.  in  Rabbits  1283  and  1284,  killed  29  days  after 
doses,  respectively,  of  50  and  10  mg.  of  bovine  bacilli, 
and  in  Rabbit  1195,  killed  21  days  after  a  dose  of 
50  mg.  of  human  bacilli  belonging  to  a  virus  of 
relatively  low  virulence.  The  livers  of  two  pigs 
(Pigs  142  and  150),  killed  eight  and  14  days  after 


subcutaneous  inoculation  with  20  mg.  of  virulent 
bovine  bacilli,  also  show  a  notable  swelling  of  the 
endothelial  cells.  The  swelling  up  of  the  endothelial 
cells  is  also  one  of  the  earliest  changes  observed 
in  lesions  of  the  lungs,  and  the  same  feature  is  found 
in  early  lesions  involving  the  lymph  sinuses  of  lym- 
phatic glands.  In  later  lesions,  in  all  organs  of  the 
body,  the  character  of  the  endothelial  cells  varies 
according  to  the  nature  of  the  lesions  with  which 
they  are  associated,  the  general  condition  being  the 
same  as  that  observed  in  the  local  lesions,  i.e.  when 
the  lesions  are  neither  quiescent  nor  undergoing  rapid 
degenerative  change,  swelling  of  the  endothelial  cells 
in  their  neighbourhood  is  generally  conspicuous 

(6)  In  Cells  detached  from  any  continuous 
Endothelial  Lining. 

(a)  Cells  carried  into  the  blood  or  lymph.— When  an 
endothelial  cell  swells  up,  it  very  frequently  detaches 
itself  from  the  lining  membrane  of  which  it  is  a 
constituent,  and  then  becomes  a  free  cell  in  the  fluid 
contained  within  the  endothelial  lining.  This  detach- 
ment of  endothelial  cells  is  an  important  feature  of 
tissues  infected  with  tubercle  bacilli  ;  it  occurs  within 
blood-vessels  and  capillaries,  within  lymph  channels 
and  sinuses,  and  within  larger  spaces  lined  by  endo- 
thelium, such  as  the  pleural  and  peritoneal  cavities. 
This  phenomenon  is  not  confined  to  the  earlier  stages 
of  infection,  but  may  be  observed  wherever  the  infec- 
tive process  is  active  and  progressive.  These  detached 
cells  possess  all  the  characteristics  of  cells  sometimes 
described  as  "  macrophages." 

(/3)  Detached  Cells  found  amongst  other  Cellular 
Elements. — When  an  endothelial  cell  swells  up  and 
severs  its  normal  connection  with  a  lining  membrane, 
instead  of  passing  into  the  blood  or  lymph  it  may, 
owing  to  various  reasons,  such  as  the  break  in  con- 
tinuity of  the  vessel  wall  or  the  occlusion  of  the 
vessel  or  capillary,  find  itself  lying  amongst  other 
cellular  elements  which  are  not  in  contact  with  either 
blood  or  lymph  channels.  Changes  of  this  nature  are 
constantly  going  on  in  the  process  of  tubercle  forma- 
tion, and  when  the  process  has  not  advanced  too  far 
the  endothelial  character  of  these  swollen  cells  can  be 
verified  by  observing  that  they  belong  to  the  wall  of 
a  partially  obliterated  capillary  channel.  Cells  in  this 
condition  are  identical  in  character  with  what  are 
often  termed  "epithelioid  "  cells. 


(8.)  Diffuse  Staining  of  Nucleus. 


A  noticeable  feature  about  endothelial  cells  present 
within  or  near  infected  sites  is  that  the  nuclei  of 
some  of  them  do  not  stain  sharply.  In  these  cases 
the  stain  is  generally  rather  deeper  than  that  taken 
up  by  a  normal  nucleus,  but  in  addition  to  this  feature 
there  is  a  want  of  definition,  giving  the  impression,  at 
first  sight,  that  the  excess  of  stain  has  not  been 
properly  washed  out.    But  closer  examination  shows 


that  the  staining  is  not  at  fault ;  the  blurred  appear- 
ance is  confined  to  sites  where  there  is  evidence  of 
pathological  change,  and  the  want  of  definition  is 
apparently  due  to  a  diffusion  of  slightly  basophil 
material  throughout  the  nucleus  and  into  the  sur- 
rounding protoplasm.  This  condition  is  most  con' 
spicuous  in  animals  killed  a  short  time  after  inoculation, 
e.g.  in  the  tissues  of  rabbits  intravenously  inoculated, 
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in  the  local  lesions  of  calves  subcntaneously  inoculated, 
or  in  tissues  illustrating  early  dissemination  in  the 
calf  or  pig  after  subcutaneous  inoculation.  The  diffuse 
nuclear  staining  is  observable  both  in  single  endo- 
thelial cells  which  are  not  associated  with  other 
tissue  changes  and  in  endothelial  cells  which  are 
present  within,  or  at  the  periphery  of,  early 
tubercles.  Accompanying  this  change  there  is  a 
dissolution  of  continuity  in  the  protoplasmic  ouiline  of 
the  endothelial  cell,  and  a  tendency  for  the  protoplasm 
of  these  cells  to  fuse  with  the  protoplasm  of  the 
parenchymatous  or  other  cells  with  which  they  happen 
to  be  in  contact.  This  tendency  to  protoplasmic  fusion 
is  well  shown  in  specimens  of  livers  showing  early 
lesions,  and  is  the  explanation  of  the  difficulty  con- 


stantly met  with  in  attempting  to  follow  up  the  parts 
played  respectively  by  the  endothelial  cells  and  the 
parenchymatous  cells  of  the  liver  in  the  formation  of 
tubercles.  In  the  present  connection  the  special 
importance  of  this  feature  lies  in  the  fact  that  when 
the  nucleus  of  the  endothelial  cell  loses  its  integrity  as 
a  sharply  defined  body,  the  protoplasm  with  which 
the  diffuse  nuclear  material  is  in  immediate  contact 
is  not  merely  endothelial  cell  protoplasm  but  consists 
of  heterogeneous  elements.  It  must  also  be  added 
that  concurrently  with  this  tendency  to  a  partial  loss 
of  nuclear  individuality  another  process  is  at  work,  a 
tendency  for  the  nuclei  to  divide  by  direct  fission,  and 
thus  to  regain  a  clearly  defined  contour. 


(3.)  Increase  of  Nuclei  by  Direct  Division. 


When  the  nucleus  of  an  endothelial  cell  finds  itself 
in  a  focus  which  is  developing  into  a  tubercle,  the 
commonest  thing  which  happens  is  that  the  nucleus 
loses  its  regularity  of  outline.  It  may  show  a  shallow 
or  a  deep  indentation  on  one  side  or  on  opposite  sides. 
There  may  be  a  globular  bulging  from  some  part  of 
its  periphery  ;  the  nucleus  may  be  narrow  and  elon- 
gated, or  it  may  appear  irregularly  compressed  ;  in 
short,  it  may  assume  any  conceivable  irregularity  of 
form.  These  variations  all  indicate  that  the  factors 
determining  the  normal  morphology  of  the  nucleus 
have  got  out  of  control.  In  the  neighbourhood  of 
such  nuclei  as  these  there  are  generally  found  others 
in  which  one  or  more  dividing  lines  may  be  seen. 
These  lines  may  run  along  the  short  axis  of  the 
nucleus  or  along  the  long  axis,  or  they  may  run  more 
or  less  obliquely  ;  and  two  or  more  such  lines  may  be 
found  in  the  same  nucleus.  It  is  frequently  possible 
to  observe  near  at  hand  the  next  stage  in  the  process, 
the  formation  of  a  small  group  of  nuclei,  each  with  a 
well  defined  contour.  A  further  stage  in  the  process 
which  is  frequently  observed  is  that  these  groups  of 
nuclei  continue,  for  a  time,  to  multiply  ;  they  then 
form  large  groups  which,  taken  in  conjunction  with 
their  protoplasmic  environment,  are  termed  "  giant 
cells."  But  it  must  not  be  taken  for  granted  that 
giant  cells  in  general  or  even  the  giant  cells  specially 
referred  to  here  all  develop  from  endothelial  cells  and 
nothing  but  endothelial  cells.  It  was  pointed  out  in 
the  last  section  that  when  the  nucleus  of  an  endothelial 
cell  begins  to  lose  its  individuality,  its  protoplasm  also 
becomes  merged  with  the  protoplasm  of  other  cells 
contiguous  to  it.  And  when  nuclear  multiplication 
has  taken  place  the  resulting  multinucleate  cell,  or 
rather  the  collection  of  nuclei  in  a  protoplasmic  matrix, 
is  the  joint  product  of  the  material  previously  existing 
in  this  area.  The  multinucleate  cell  mass  develops  con- 
currently with  the  loss  of  individuality  m  the  pre-exist- 
ing material,  and  develops  out  of  this  material  as  a  whole. 
In  ths  liver  of  the  rabbit,  for  example,  it  is  often  found 
tbat  there  is  first  a  stage  where  there  is  a  blending  of 
endothelial  and  parenchymatous  cells ;  this  gradually 
passes  into  a  phase  where  there  is  simply  a  collection 


of  nuclei  in  a  homogeneous  protoplasmic  matrix. 
Owing  to  the  loss  of  individuality  both  of  protoplasm 
and  of  nuclei,  it  is  impossible  to  regard  the  resultant 
growth  as  either  merely  endothelial  or  merely 
parenchymatous.  Hence,  to  return  to  the  part  played 
by  endothelial  cells  in  tubercle  formation,  it  is 
characteristic  of  these  cells  to  divide  amitotically,  but 
thereupon  they  cease  to  be  endothelial  cells  since  there 
is  no  concomitant  division  of  endothelial  protoplasm. 

This  tendency  for  the  nucleus  of  the  endothelial  cell 
to  multiply  by  direct  division  is  very  common  and  may 
be  found  in  the  majority  of  tubercles.  It  has  an 
important  bearing  upon  the  question  of  the  formation 
of  giant  cells.  When  seen  under  a  low^  power  the 
giant  cell  stands  out  conspicuously  from  the  surround- 
ing confusion  of  nuclei,  protoplasm,  and  caseation  ; 
and  hence  one  is  apt  to  regard  it  as  a  specialised 
structure.  But  on  closer  examination  it  is  seen  to  be 
no  more  than  the  culminating  point  of  this  tendency 
to  nuclear  multiplication  by  direct  division.  The 
first  phase  of  this  process  is  the  irregular  bulging  or 
indenting  of  a  nucleus  ;  at  this  stage  the  process  may 
stop  and  degeneration  may  set  in.  But  if  the  vitality 
of  the  nucleus  is  not  yet  completely  exhausted,  the 
process  continues  and  we  have  division  by  amitosis  ; 
at  this  stage  we  have  a  small  group  of  nuclei,  more  or 
less  imperfectly  formed  and  generally  stuck  together. 
Here  again  the  process  may  stop,  and  be  followed  by 
degeneration.  Or  this  stage  may  be  followed  by 
further  division  of  the  nuclei,  some  of  the  new 
nuclei  becoming  clearly  separable  from  the  original 
group  ;  at  this  point,  which  also  may  be  the  final 
stage  prior  to  degeneration,  we  find  nuclei  scattered 
about  loosely  in  a  vaguely  defined  mass  of  pro- 
toplasm ;  these  nuclei  are  often  round  and  about  the 
size  of  small  lymphocytes,  but  may  be  distinguished 
from  the  latter  by  their  lighter  staining  properties. 
And,  lastly,  the  nuclei  may  grow  into  a  compact 
group  occupying  either  the  centre  or  the  peripliery  of 
the  protoplasmic  mass  ;  this  final  stage  is  termed 
giant-cell  formation.  The  giant  cell  is  generally  a 
hybrid  product,  however,  and  is  not  of  purely 
endothelial  origin. 


(4.)  Proliferation, 


At  an  early  stage  after  infection  regular  mitotic 
figures  may  be  found  in  endothelial  cells  which  have 
not  become  separated  from  their  normal  surroundings. 

In  the  local  lesions  of  Calves  284  and  873  (killed 
three  days  after  subcutaneous  inoculation)  numerous 
mitoses  are  found  in  the  capillary  endothelium  (as 
many  as  six  in  travelling  in  a  straight  line  across  a 
small  section).  In  the  lesion  of  Calf  292  (eight 
days)  no  mitoses  have  been  found  in  the  specimen 
examined,  but  many  of  the  endothelial  cells  appear 
to  be  breaking  down.  In  the  lesion  of  Calf  881 
(eight  days)  several  mitotic  figures  are  present,  but 
the  cells  do  not  stain  as  sharply  as  in  the  three  days' 
specimens,  and  many  of  them  appear  to  be  breaking 
down.  In  the  lesion  of  Calf  288  (14  days)  there  are 
many  mitoses  of  the  endothelial  cells,  but  degenerative 
changes  are  also  noticeable  ;  and  in  the  lesion  of 
Calf  869  (14  days),  which  shows  more  tendency  to 
conservative  change,  a  few  mitoses  of  endothehal 
cells  have  been  found. 

In  a  series  of  rabbits  killed  at  short  intervals  after 
intravenous  inoculation  with  1  mg.  of  virulent  bacilli 
the  livers  have  been  examined  with  a  view  to 
observing  mitoses    in    endothelial    cells.     In  the 
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24  hours'  specimens  a  few  nuclei  have  been  found 
which  stain  deeply  and  appear  to  be  in  the  stage 
preparatory  to  mitosis,  but  no  clearly  defined  mitotic 
figures  have  been  observed.  In  the  three  and  five  days' 
specimens  there  are  a  few  mitoses  ;  some  are  also 
found  at  the  margins  of  the  tubercles  in  the  10  days' 
specimens. 

These  examples  show  that  there  is  a  tendency,  in  the 
early  period  after  infection,  for  endothelial  cells  to 
proliferate  by  the  normal  method  of  nuclear  division. 
When  definite  lesions  are  in  process  of  development  a 
general  distinction  may  be  drawn  between  the  endo- 
thelial cells  (1)  within,  (2)  at  the  periphery  of,  and 
(3)  external  to  the  periphery  of  the  lesions. 

(1)  The  cells  which  become  definitely  included 
within  the  lesions  very  frequently  divide  amitotically, 
but  do  not  exhibit  mitotic  figures  ;  and  the  products 
of  these  amitotic  divisions  show  no  clearly  defined 
protoplasmic  outline ;  though  generally  forming 
conspicuous  elements  in  the  lesions,  they  must  be 
regarded  as  having  lost  their  individuality  as  endo- 
thelial cells ;  there  is  no  indication  that  they  are 
capable  of  progressive  development,  but,  on  the 
contrary,  there  is  strong  evidence  that  they  gradually 
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Histology — Endothelial  Cells. 


give  way  to  caseous  change.  Amongst  the  endothelial 
cells  included  within  caseous  areas,  those  which  consti- 
tute the  boundary  of  blood  capillaries  are  of  particular 
importance.  These  cells  may  show  a  swelling  of  the 
nucleus  or  other  irregularities,  but  they  find  it  im- 
possible to  proliferate  in  the  midst  of  caseous  material, 
and  their  usual  fate  is  to  break  down. 

(2.)  At  the  periphery  of  the  lesions  two  processes 
can  generally  be  found  at  work,  (o)  There  is  the 
endothelial  cell  which  tends  to  divide  amitotically  and, 
by  contributing  to  the  progressive  changes  described 
above  under  the  head  of  direct  division,  plays  a  part 
in  the  production  of  multinucleate  cell  masses  and 
giant  cells.  In  short,  the  endothelial  cell  at  the 
periphery  of  an  expanding  lesion  plays  the  same  part 
as  the  endothelial  cells  found  in  the  centres  of  minute, 
newly  formed  tubercles.  (&)  Occasionally  a  cell  is 
found  in  mitotic  division  ;  and,  when  no  mitotic 
figures  can  be  found,  there  is  often  well  marked 
evidence  of  endothelial  proliferation.  A  characteristic 
feature  is  the  tendency  to  the  formation  of  new 
capillary  channels.  These  may  be  found,  partly 
filled  with  red  blood-corpuscles,  running  in  all  direc- 
tions and  ending  abruptly.    They  often  pass  directly 


inwards  and  reach  as  far  as  the  caseous  material. 
It  is  also  common  to  find  these  cells  attached  end  to 
end  and  running  in  single  lines.  Isolated  cells, 
identical  in  character  vs^ith  cells  forming  new 
capillary  channels,  are  also  frequent  ;  many  of  these 
are  probably  derived  from  endothelium,  though  their 
morphological  appearance  does  not  definitely  prove 
tbeir  origm,  since  young  connective  tissue  corpuscles 
may  assume  similar  characters. 

(3.)  External  to  the  periphery  of  the  lesions  the 
condition  of  the  endothelial  cells  depends  on  the  type 
of  infection.  If  the  lesion  is  of  a  definitely  retro- 
gressive type  and  is  surrounded  by  a  firm  fibrous 
layer,  the  endothelial  cells  in  the  outlying  regions 
may  show  little  or  no  change  ;  and  in  acute  lesions 
accompanied  by  rapid  tissue  destruction,  the  endo- 
thelial cells  outside  the  foci  are  generally  swollen  but 
show  no  sign  of  proliferation.  But  proliferation  of 
the  outlying  endothelial  cells  is  generally  found  in  the 
sub-acute  or  slowly  progressive  infections,  and  this 
activity  is  accompanied  by  a  formation  of  new 
vascular  channels.  The  vascularised  growths  found 
in  the  bovine  projecting  from  the  surface  of  the 
lungs  and  liver  are  good  examples  of  this  condition. 


(5.)  Relations  of  Endothelial  Cells  to  Bacilli. 


(a)   Normal  Cells. 

When  bacilli  are  carried  into  the  blood  or  lymph 
stream,  they  endeavour  to  escape  from  these  media, 
and  the  majority  of  them  succeed  in  doing  so  within 
a  short  space  of  time.  This  is  shown,  in  the  case  of 
the  blood,  by  the  rapid  escape  of  the  great  majority 
of  the  bacilli  into  the  tissues  after  intravenous  inocu- 
lation ;  and,  in  the  case  of  the  lymph,  by  the  rapid 
disappearance  of  free  bacilli  from  lymph  channels 
and  sinuse?  in  regions  which  drain  the  site  of  a  sub- 
cutaneous inoculation.  In  the  course  of  dissemina- 
tion bacilli  must  therefore  be  constantly  coming  into 
contact  with  normal  endothelial  cells,  and  histological 
sections  sometimes  happen  to  pass  through  endo- 
thelium showing  bacilli  m  this  condition.  The  endo- 
thelial cells  readily  ingest  the  bacilli  :  but  it  is 
rare  to  find  such  cells  retaining  their  normal  shape 
and  relationship.  As  I  have  examined  a  very 
large  number  of  specimens  abundantly  infected 
with  bacilli,  I  conclude  from  the  rarity  of  this 
condition  that  the  endothelial  cell  is  unable,  or 
rarely  able,  to  simply  digest  the  ingested  bacilli 
and  then  resume  its  normal  characters.  As  to 
the  possibility  of  a  bacillus  making  its  escape  by 
passing  between  contiguous  endothelial  cells,  I  can 
only  say  that  it  is  difficult  to  demonstrate  this  process 
but  it  seems  possible  that  a  direct  escape  in  this  way 
through  an  intact  endothelium  may  occur. 

{h)  Swollen  Cells. 

(a)  Cells  forming  part  of  an  Endothelial  Lining. — 
Only  a  relatively  small  number  of  the  swollen  cells 
found  in  their  normal  position  actually  contain  bacilli. 
This  condition  of  the  cells  in  an  infected  tissue  is 
evidently  due  to  a  diffusible  stimulus,  and  not  neces- 
sarily to  the  presence  of  bacilli. 

(/3)  Cells  lying  free  in  Blood  or  Lymph  Channels. — 
A  considerable  number  of  these  detached  endothelial 
cells  contain  bacilli.  Piobably  many  of  them  have 
received  the  bacilli  before  they  become  swollen  up 
and  detached  from  the  endothelial  wall,  but  it  is  also 
possible  that  some  of  them  have  picked  up  bacilli 
after  they  have  become  free  cells. 

(y)  Cells  lying  free  in  the  Tissues  apart  from  Blood 
or  Lymph  CAa?ineZs.— Endothelial  cells  in  these  situa- 
tions are  a  favourite  site  for  the  tubercle  bacillus  ;  a 
single  cell  may  frequently  contain  several  bacilli,  and 
sometimes  the  bacilli  are  so  numerous  that  it  is  evident 
that  this  position  has  proved  favourable  to  their 
multiplication.  As  the  bacilli  are  living  as  parasites 
ab  the  expense  of  the  cell,  the  term  "  phagocytic,"  as 
applied  to  the  cell,  is  apt  to  be  misleading.  In  retro- 
gressive infections,  however,  the  bacilli  which  have 
penetrated  endothelial  cells  undoubtedly  perish. 

(c)  Cells  with  Diffdsely  Staining  Nuclei. 

It  is  not  always  possible  to  demonstrate  a  bacillus 
iictually  within  cells  of  this  character,  but  in  a  large 
number  of  cases  one  or  more  bacilli  can  be  found 


either  within  or  near  at  hand.  It  seems  probable  that 
this  change  in  the  cell  is  attributable  to  the  local 
irritant  action  of  the  bacillus.  Cells  showing  this 
modification  of  their  nuclear  material  only  occur  here 
and  there,  and  in  this  respect  may  be  contrasted  with 
the  merely  swollen  type  of  endothelial  cell,  which  is 
often  generally  distributed. 

{d)  Multinucleate  Cells. 

■When  the  endothelial  nucleus  undergoes  changes 
leading  to  direct  division,  bacilli  are  frequently  found 
either  in  immediate  contact  with  it  or  near  at  hand. 
This  association  is  sufficiently  constant  to  justify  the 
assumption  that  the  nuclear  changes  are  due  to  the 
action  of  the  bacillus.  From  the  earliest  stage  of 
commencing  division  down  to  the  latest  stage  where 
the  nuclei  form  aggregations  characteristic  of  giant 
cells,  this  association  between  bacilli  and  nuclei  ia 
obseivable.  And  in  the  protoplasm  in  which  the 
nuclei  are  embedded  the  bacilli  are  often  numerous 
and,  not  infrequently,  appear  to  have  increased  by 
multiplication.  These  structures,  therefore,  do  not 
appear  to  be  "phagocytic,"  in  the  sense  that  they 
devour  the  bacilli  ;  they  appear  rather  to  be  more 
or  less  favourable  for  the  conservation  and  increase  of 
the  bacilli.  In  chronic  or  retrogressive  lesions  where 
bacilli  are  difficult  to  find,  it  commonly  happens  that 
the  only  bacilli  discoverable  occur  in  these  situations, 
though,  of  course,  when  bacilli  are  dying  out  they 
perish  here  as  well  as  elsewhere. 

(e)  Peolifebatinq  Cells. 

In  local  lesions  removed  a  short  time  after  the  sub- 
cutaneous inoculation  of  a  large  dose  of  bacilli,  one  or 
two  bacilli  may  occasionally  be  found  in  an  endo- 
thelial cell  showing  mitotic  figures.  But  this  condi- 
tion is  exceptional  and  is  probably  due  to  the 
accidental  arrival  of  a  bacillus  in  a  coll  which  happens 
to  be  undergoing  mitosis.  Owing  to  the  strong 
evidence  that  the  infection  of  the  tubercle  bacillus 
interferes  with  the  normal  vitality  of  an  endothelial 
cell,  it  is  not  likely  that  the  mitosis  would  be  followed 
by  the  production  of  normally  vigorous  daughter 
cells.  And  in  situations  showing  newly  formed  endo- 
thelium, bacilli  may  be  found  in  proximity  to  these 
cells,  but  they  are  rarely  found  within  them.  But  it 
sometimes  happens  that  when  a  new  vascular  channel 
is  in  process  of  formation  and  penetrates  into  a  site 
where  bacilli  are  present,  a  fresh  passage  is  afforded 
for  the  transference  of  bacilli  into  the  circulation. 

(/)  Degenerating  Cells. 

Intact  capUlaries  are  frequently  found  in  caseating 
foci.  The  endothelial  walls  of  these  channels  degene- 
rate sooner  or  later,  and  before  they  break  down  they 
often  contain  bacilli.  When  a  break  in  their  con- 
tinuity occurs,  the  opportunity  is  offered  for  bacilli, 
whether  within  the  endothelial  cells  or  in  the  external 
caseous  tissue,  to  gain  access  to  the  circulation. 


Histology — Plasma  Cells. 
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E  — THE  RELATION  OF  PLASMA  CELLS  TO  MAMMALIAN  TUBERCLE  BACILLI. 
(1.)  Infections  during  tlie  First  Fortnight. 


After  Twenty-four  Hodrs. 

In  the  local  lesion  of  Calf  438,  killed  24  hours  after 
subcutaneous  inoculation,  there  are  no  signs  of  plasmi 
cells. 

In  two  rabbits  killed  at  the  same  period,  after 
intravenous  inoculation,  there  are  a  few  cells  the 
protoplasm  of  which  takes  a  pyronin  stain  both  in  the 
lungs  and  in  the  livers,  but  these  cel^s  are  scanty  and 
do  not  form  groups.  In  the  lungs  they  are  sometimes 
found  amongst  the  loose  connective  tissue  surround- 
ing the  bronchioles,  and  in  the  livers  they  are  present 
in  the  interlobular  connective  tissue. 

The  lungs  of  Pig  144  killed  24  hours  after  sub- 
cutaneous inoculation  show  plasma  cells  scattered 
about  in  all  parts  of  the  section  ;  they  do  not  form 
groups  of  any  size,  but  are  most  numerous  in  the 
neighbourhood  of  bronchioles.  Many  of  the  cells 
show  mitotic  figures. 


After  Three  Days. 

In  the  local  lesions  of  Calves  284  and  873  no  plasma 
cells  have  been  found.  Specially  stained  specimens  of 
the  lungs  and  livers  also  failed  to  show  plasma  cells. 

In  two  rabbits  killed  at  the  same  period,  after 
intravenous  inoculation,  the  lungs  and  livers  show  a 
few  suspicious  cells  taking  a  pyronin  stain,  as  in  the 
24  hours'  specimens,  but  in  none  of  these  cells  have 
mitotic  figures  been  found. 

The  lungs  of  Pig  146  killed  three  days  after  subcu- 
taneous inoculation  show  a  distribution  of  plasma  cells 
similar  to  that  found  in  the  24  hours'  pig  ;  mitotic 
figures  are  found  but  are  not  more  numerous  than  in 
the  former  specimen. 


After  Five  Days. 

In  the  lungs  of  two  rabbits,  killed  after  intravenous 
inoculation,  there  is  an  increase,  compared  with  the 
three  days'  rabbits,  of  the  number  of  cells  reacting  to 
Pappenheim's  stain  ;  many  of  the  cells  show  mitotic 
figures.  Some  of  the  cells  are  small  and  fusiform, 
others  are  about  the  size  of  large  lymphocytes  ;  they 
do  not  form  groups.  In  the  interlobular  connective 
tissue  of  the  livers  there  are  a  few  cells  which  take  up 
the  pyronin  stain,  but  none  have  been  found  in 
mitotic  division. 

In  the  lungs  of  Pig  148  killed  five  days  after  subcu- 
taneous inoculation  the  plasma  cells  show  a  consider- 
able increase  as  compared  with  the  three  days' 
specimen  and  have  a  tendency  to  collect  in  groups. 


After  Eight  Days. 

In  the  local  lesion  of  Calf  292,  killed  after  subcu- 
taneous inoculation,  groups  of  plasma  cells  are  found 
at  the  margin  of  necrotic  areas  ;  some  of  these  cells 
are  in  mitotic  division.  In  Calf  881,  killed  at  the 
same  period,  the  local  lesion  shows  cells  which  appear 
to  be  of  the  same  nature,  but  they  do  not  stain  well. 
In  the  lungs  of  Calf  292  plasma  cells  are  numerous, 
particularly  at  the  periphery  of  bronchioles  and  blood- 
vessels, where  they  often  form  definite  rings.  Cells 
of  the  same  nature  also  occur  in  many  places  in  the 
alveolar  walls.    These  cells  are  also  present  in  the 


early  tubercles  found  in  this  specimen,  but  not  accu 
mulated  in  large  numbers.  Many  of  the  cells  are  in 
mitotic  division.  In  the  liver  of  the  same  animal 
plasma  cells  are  found  both  amongst  the  interlobular 
connective  tissue  and  occasionally  within  the  lobules  ; 
they  are  much  rarer  than  in  the  lungs  ;  no  mitotic 
figures  have  been  observed. 

In  the  lungs  of  Pig  142,  killed  after  subcutaneous 
inoculation,  plasma  cells  are  numerous  and  are  gene- 
rally distributed  ;  they  are  conspicuous  in  the  early 
tubercles  but  are  more  numerous  round  the  margins 
than  in  the  interior.  Mitotic  figures  are  numerous. 
In  the  liver  of  the  same  animal  plasma  cells  are 
present  in  the  early  tubercles,  being  more  numerous 
at  the  periphery  than  in  the  centre  ;  they  also  occur 
in  the  interlobular  tissue  and  occasionally  within  the 
lobules.  On  the  whole  they  are  scantier  than  in  the 
lungs  and  fewer  of  them  show  mitotic  figures. 

After  Ten  Days. 

The  lungs  and  livers  of  two  rabbits,  killed  after 
intravenous  inoculation,  were  found  to  be  in  a  con- 
dition of  highly  acute  infection.  There  is  no  marked 
increase  in  the  number  of  plasma  cells,  compared  with 
the  five  days'  rabbits  ;  and,  as  often  happens  in  acute 
infections,  the  cells  which  appear  to  be  of  this  nature 
do  not  reict  well  to  the  stain.  The  kidneys  of  the 
same  animals  are  only  slightly  infected  and  contain  no 
definite  plasma  cells. 

After  Fodrteen  Days. 

In  the  local  lesion  of  Calf  288,  killed  14  days  after 
subcutaneous  inoculation,  plasma  cells  show  no  in- 
crease as  compared  with  the  corresponding  eight  days' 
specimen,  and  many  of  those  present  are  degenerating. 
In  the  local  lesion  of  Calf  8f39,  killed  14  days  after 
inoculation  with  bacilli  of  much  lower  virulence, 
plasma  cells  are  far  more  numerous  than  in  the  lesion 
of  Calf  288  and  frequently  show  mitotic  figures.  In 
the  lungs  of  Calf  288  there  are  nucaerous  tubercles 
and  the  disease  is  in  a  more  advanced  condition  than 
in  the  lungs  of  the  corresponding  eight  days'  animal 
(Calf  292).  Compared  with  the  latter  animal,  the 
plasma  cells,  though  showing  a  similar  distribution, 
are  decidedly  fewer  and  frequently  appear  to  be 
breaking  down.  In  the  lungs  of  Calf  869  there  are 
only  a  few  small  tubercles  ;  plasma  cells  are  rare,  but 
a  few  are  present  within  the  tubercles  and  at  the  peri- 
phery of  bronchioles  and  blood-vessels  ;  some  of  them 
are  in  mitotic  division.  In  the  liver  of  Calf  288  there 
are  several  small  tubercles  in  which  plasma  cells  are 
present  but  rare.  In  the  liver  of  Calf  869  the  amount 
of  infection  is  only  slight,  but  a  few  plasma  cells  are 
present  in  the  interlobular  tissue  and  in  association 
with  the  lesions.  The  kidneys  of  Calf  288  contain 
several  minute  lesions  in  which  plasma  cells  are  con- 
spicuous.   A  few  mitotic  figures  have  been  noted. 

In  the  lungs  of  Pig  150,  killed  14  days  after  sub- 
cutaneous inoculation,  the  lesions  are  larger  and  more 
numerous  than  in  the  eight  days'  animal  (Pig  142). 
Plasma  cells  appear  to  be  about  as  numerous  as  in  the 
latter  animal,  and  their  general  distribution  is  the 
same,  except  that  they  have  disappeared  from  the 
centres  of  the  tubercles  which  are  breaking  down. 
Many  of  the  cells  show  mitotic  figures.  In  the  liver 
the  plasma  cells  are  in  the  same  condition  as  in  the 
liver  of  the  eight  days'  animal. 


(2.)  Later  Infections— Acute. 


In  a  series  of  rabbits  inoculated  intravenously  with 
1  mg.  of  highly  virulent  bacilli  the  infection  proved 
fatal  during  the  third  and  fourth  weeks.  In  the 
animals  killed  at  15  days  plasma  cells  are  more  numerous 
and  more  typical  in  character  than  in  the  ten  days' 
specimens,  both  in  the  lungs  and  the  livers  ;  they  also 
occur  rather  more  frequently  in  the  kidneys.  Mitotic 
figures  are  often  found.  Most  of  the  later  cases 
termmated  fatally.  In  these  the  number  of  plasma 
cells  ).s  variable,  but  in  the  kidneys,  which  are  less 
severely  affected  than  the  lungs  and  livers,  it  shows  an 
•increase. 


In  calves  which  died,  or  were  killed  when  moribund, 
after  subcutaneous  inoculation  plasma  cells  are  always 
present  in  the  infected  tissues,  though  in  some  cases, 
particularly  in  animals  which  were  found  dead,  they 
do  not  react  well  t  o  the  stain.  In  the  lungs  these  cells 
occur  (a)  amongst  the  areolar  tissue  surrounding 
bronchi,  bronchioles,  arteries,  and  veins  ;  (b)  at  the 
periphery  of  caseous  patches  ;  (c)  scattered  singly  or 
in  small  groups  amongst  the  tissue  external  to  the 
definitely  tubercular  areas  and  more  particularly  in 
situations  which  are  at  the  commencement  of  tuber- 
cular change.    The  plasma  cells  are  not  found  in  any 
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of  their  characteristic  forms  within  blood-vessels. 
They  have  no  definite  relationship  to  the  normal 
lymph  nodes  which  are  to  be  found  in  the  lung. 
These  nodes  are  generally  situated  close  to  one  side  of 
a  bronchus,  but  the  plasma  cells  are  found  equally 
distributed  all  round  the  bronchus,  and  there  is  no 
evidence  of  a  migration  of  plasma  cells  from  these 
lymph  nodes  to  the  various  situations  where  plasma 
cells  occur.  The  plasma  cells  found  in  close  proximity 
to  bronchi  and  blood-vessels  are  very  frequently  of 
the  compressed  type,  resembling  in  outline  connective 
tissue  corpuscles,  but  with  somewhat  swollen  proto- 
plasm. In  most  specimens  mitotic  figures  can  be 
found.  Within  the  livers  of  these  acutely  infected 
calves  plasma  cells  occur  both  within  the  tubercular 
areas  and  amongst  the  areolar  tissue  which  surrounds 
the  interlobular  vessels.  Occasionally  a  cell  reacting 
to  Pappenheim's  stain  is  to  be  found  within  a  blood 
capillary.  The  plasma  cells  are  most  numerous  and 
conspicuous,  and  stain  most  deeplj',  in  the  interlobular 
connective  tissue,  particularly  where  this  tissue  is 
adjacent  to  a  tubercle  ;  every  variety  of  form  is 
here  present,  from  the  lafrge  swollen  cell  to  the 
flattened  or  elongated.  Within  the  tubercles  the 
plasma  cells  do  not  appear  able  to  survive 
for  a  long  period.  They  are,  however,  frequently 
found  even  in  very  early  tubercles,  and  round  the 
margins  of  those  which  have  advanced  to  the  caseous 
stage  some  are  almost  invariably  present.  The  plasma 
cells  directly  in  contact  with  the  lesions  are  not  of 
the  compressed  type  but  generally  have  a  swollen 


protoplasm  which  often  fails  to  take  a  deep  stain. 
In  the  case  of  tubercles  which  border  upon  inter- 
lobular connective,  tissue,  it  is  noticeable  that  the 
part  of  their  periphery  in  contact  with  this  tissue 
is  much  richer  in  plasma  cells  than  the  rest  of  the 
tubercle,  and  the  general  appearance  strongly  suggests 
that  the  plasma  cells  of  the  tubercle  are  derived 
from  the  connective  tissue  spaces  but  do  not  survive 
long  after  separation  from  the  source  which  supplies 
them.  Mitotic  figures  are  frequently  found.  It  is 
noteworthy  that  in  lesions  of  the  acute  type  plasma 
cells  do  not  form  a  definite  layer  sharply  marking 
ofE  the  lesion,  and  the  cells  found  at  the  periphery 
of  the  lesions  show  no  tendency  to  pas5  into  fibro- 
blasts. In  these  acute  infections  of  calves  the  kidneys 
are  less  severely  affected  than  the  lungs  or  liver. 
In  the  kidneys  plasma  cells  are  invariably  present  in 
association  with  the  tubercular  areas.  The  centrally 
caseous  miliary  tubercles  are  usually  surrounded  by 
an  abundant  zone  of  these  cells,  and  plasma  cells 
are  also  numerous  in  the  tracts  of  interstitial  infiltra- 
tion which  show  evidence  of  commencing  tubercular 
change.  Surrounding  the  tubercles,  the  plasma  cells 
are  generally  rounded  or  oval  in  outline  ;  in  the 
inteistitial  tissue,  compressed  or  elongated  forms  are 
more  frequent,  and  the  cells  which  occur  apart  from 
obvious  lesions  are  not  infrequently  like  ordinary 
connective  tissue  corpuscles,  except  for  the  red  colour 
of  their  protoplasm.  Very  occasionally,  a  cell  which 
reacts  to  Pappenheim's  stain  is  found  within  a 
glomerulus.    Mitotic  figures  are  not  infrequent. 


(3.)  Later  Infections— Less  Acute  and  Chronic. 


In  passing  to  lesions  where  the  microscopic  evidence 
shows  that  the  process  of  tissue  destruction  is  less 
rapid,  an  increase  in  the  number  of  plasma  cells  can 
generally  be  noted.  Some  of  these  cells  may  be  found 
surviving  in  the  more  central  parts  of  the  less  advanced 
lesions,  and  at  the  marginal  areas  they  show  a  greater 
tendency  to  accumulate  as  a  definite  layer.  Another 
feature  observable,  more  particularly  at  the  periphery 
of  the  larger  cjseous  areas  which  show  a  well  defined 
demarcation  zone,  is  that  some  of  the  plasma  cells, 
■whilst  retaining  a  good  pyronin  stain,  have  assumed 
the  shape  of  fibrous  tissue  corpuscles.  Numerous 
transitional  forms  can  be  observed  between  the  cell 
with  an  oval  outline,  the  rather  narrower  cell  with 
slightly  tapering  extremities,  and  the  very  narrow  cell 
with  long,  taperiog  extremities.  This  is  the  reverse 
process  to  what  is  found  in  earlier  infections, 
where,  particularly  in  the  tissue  external  to  blood- 
vessels and  bronchioles,  transitional  forms  are  com- 
monly found  from  the  narrow  to  the  oval  or 
rounded  type  of  cell.  Examples  of  this  interme- 
diate condition  are  found  in  the  lungs  of  the  following 
animals  : — Calf  312,  killed  90  days  after  subcu- 
taneous inoculation  with  50  mg.  of  a  porcine  virus  ; 
Calf  365,  killed  61  days  after  subcutaneous  inocula- 
tion with  100  million  bacilli  of  relatively  low  viru- 
lence, present  in  an  emulsion  of  human  material  ; 
Calf  905,  killed  90  days  after  subcutaneous  inocula- 
tion with  50  mg.  of  bacilli  possessing  low  or  inter- 
mediate virulence  ;  Goat  10,  killed  165  days  after 
subcutaneous  inoculation  with  4-J  million  bovine 
bacilli  ;  Goat  '28,  died  91  days  after  subcutaneous 
inoculation  with  -01  mg.  of  bovine  culture. 


In  lesions  of  more  chronic  or  more  definitely 
retrogressive  types,  the  numbers  and  characters  of  the 
plasma  cells  vary  according  to  the  extent  and  nature 
of  the  destructive  changes  which  have  been  produced. 
In  slight  lesions,  attributable  to  very  small  deposits 
of  bacilli  which  have  found  themselves  unable  to 
multiply,  there  is  little  or  no  caseation,  but  perhaps 
one  or  two  giant  cells  may  be  found.  In  lesions  of 
this  nature  plasma  cells  are  frequently  found  ;  but 
they  are  not  abundant ;  they  are  distributed  irregu- 
larly in  various  parts  of  the  focus  and  do  not  form 
a  definite  boundary  layer.  It  is  evident  that  the 
tissue  disturbance  has  not  been  sufficiently  great  to 
stimulate  a  large  production  of  plasma  cells.  In 
lesions  of  a  definitely  chronic  type,  but  containing 
a  central  area  of  completely  caseous  or  caseo-calcareous 
material,  the  plasma  cells  vary  according  to  the  stage 
of  retrogression  which  has  been  reached.  When  the 
peripheral  zone  of  the  tubercle  contains  riiany 
cellular  elements  of  a  non-fibrous  nature,  the  plasma 
cell  reaction  is  generally  well  marked,  and  these  cells 
form  a  considerable  portion  of  the  cellular  element  in 
the  peripheral  zone.  Stages  of  transition  into  fibrous 
elements  are  much  more  frequent  than  in  lesions  of 
the  intermediate  type,  and  often  the  majority  of  the 
plasma  cells  have  assumed  the  narrow  elongated  form. 
At  a  more  advanced  period  of  retrogression,  when  the 
fibrous  element  predominates  in  the  peripheral  zone, 
cells  giving  the  protoplasmic  reaction  of  plasma  cells 
are  much  less  numerous,  and  it  appears  probable  that 
many  of  the  cells  which  would  have  given  this  reac- 
tion at  an  earlier  stage  have  now  resolved  themselves 
into  ordinary  fibrous  tissue. 


(4.)  Relation  to  other  Cellular  Elements. 


In  tissues  showing  a  progressive  infiltration  of  cells 
derived  from  the  blood,  it  is  usually  found  that  the 
blood-vessels  through  which  the  section  passes  contain 
these  cells  in  numbers  in  excess  of  the  normal.  This 
is  the  case,  for  example,  in  leucocytic  infiltrations 
unless  the  tissues  happen  to  be  removed  at  a  time 
when  the  process  of  immigration  is  not  active.  But 
in  examining  sections  showing  various  stages  in  the 
appearance  of  plasnaa  cells,  it  is  a  significant  fact 
that  at  no  stage  is  it  found  that  cells  which  could 
possibly  be  mistaken  for  plasma  cells  are  at  all 
numerous  in  the  blood  channels.  The  only  '•ells  not 
distinguishable  with  certainty  from  plasma  cells  are 
the  large  lymphocytes.  These  cells  are  sometimes  to 
be  found  here  and  there  in  vessels  permeating  tissues 
where  plasma  cells  are  demonstrable.     But  their 


number  is  so  small  and  the  association  of  their 
presence  with  the  occurrence  of  plasma  cells  in  the 
tissues  is  so  inconstant,  that  it  is  quite  impossible  to 
assume  that  the  latter  cells  have  been  conveyed  by  the 
blood  stream.  Another  very  strong  piece  of  evidence 
in  favour  of  the  local  origin  of  the  plasma  cell  is  the 
fact  that  whenever  these  cells  are  at  all  numerous, 
especially  in  the  case  of  developing  lesions,  mitotic 
figures  are  to  be  found,  and  frequently  a  very  con- 
siderable number  of  the  cells  taking  the  Pappenheim 
stain  show  mitoses.  The  very  early  appearance  of  the 
plasma  cells  in  the  connective  tissue  spaces  clearly 
points  to  these  situations  as  the  sites  of  origin. 

In  association  with  the  lesions  found  in  infected 
lymphatic  glands,  cells  are  found  which  are  in  every 
respect  identical  with  the  plasma  cells  found  in 
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tubercles  occurring  in  other  organs  ;  and  as  regards 
the  variations  in  the  numbers,  morphology,  and 
relationships  of  these  cells  in  accordance  with  the 
severity  of  the  lesions,  the  lymphatic  glands  show  a 
correspondence  with  other  organs.  Here  also  the 
plasma  cells  are  undoubtedly  produced  in  situ,  and  the 
large  number  of  mitoses  found  in  developing  lesions 
aflEords  strong  evidence  that  this  production  is  actively 
going  on.  But  owing  to  the  fact  that  the  large 
lymphocyte  normally  found  in  the  lymphatic  gland 
takes  the  characteristic  staining  reaction  of  the  plasma 
cells,  it  is  impossible  in  the  lymphatic  gland  to  discover 
any  specially  distinctive  features  of  those  cells  from 
which  cells  showing  the  typical  and  varied  morpho- 
logical features  of  plasma  cells  afterwards  develop. 


Plasma  cells  do  not  form  giant  cells.  Their  nuclei, 
with  rare  exceptions,  show  no  tendency  to  divide 
amitotically  ;  and  the  constant  characteristic  of  the 
giant  cell  is  that  it  contains  a  conglomeration  of  nuclei 
which  are  the  result  of  direct  fission.  In  Pappenheim 
specimens  the  majority  of  the  giant  cells  show  no 
trace  of  the  pyronin  stain  ;  some  of  them  give  a  slight 
reddish  stain  ;  and  occasionally  a  giant  cell  is  found 
which  shows  a  deeper  reddish  streak  in  some  part  of  its 
protoplasm.  These  two  latter  conditions  are  readily 
explained  when  it  is  remembered  that  the  protoplasm 
of  a  giant  cell  frequently  consists  of  an  amalgamation 
of  protoplasm  derived  from  various  cells ;  to  this 
heterogeneous  mixture  broken  down  plasma  cells  may 
undoubtedly  supply  an  accidental  contribution. 


(5.)  Relation  to  Bacilli. 


Plasma  cells  are  not  phagocytic.  They  are  never 
found  to  contain  bacilli  except  when  breaking  down 
and  imperfectly  stained.  From  areas  where  bacilli 
are   numerous    they    rapidly    disappear.  Though 


attracted  to  early  lesions  and  to  the  periphery  of  older 
lesions  they  do  not  come  into  immediate  contact  with 
the  bacilli.  Their  appearance  may  be  attributed  to  some 
diffusible  stimulus  associated  with  the  infection. 


r.-THE  RELATION  OF  EPITHELIAL  CELLS  TO  MAMMALIAN  TUBERCLE  BACILLL 


(1.)  Pulmonary  Epithelium. 


In  the  lungs  of  calves  subcutaneously  inoculated 
with  virulent  bacilli,  in  sufficiently  large  dose  to  produce 
rapid  dissemination,  the  first  change  observable  is  a 
very  slight  thickening,  at  rare  intervals,  in  the  alveolar 
walls ;  were  it  not  for  the  occasional  presence  of 
bacilli  in  these  sites,  this  change  is  so  slight  that  it 
would  not  be  considered  to  be  of  pathological  sig- 
nificance. This  condition  is  found  in  Calf  284,  three 
days  after  inoculation.  Daring  the  second  week 
progressive  changes  are  observable.  In  Calf  292, 
•eight  dajs  after  inoculation,  the  patches  of  thickening 
in  the  alveolar  walls  are  more  numerous  and  the 
thickening  is  rather  greater.  But  the  lesions  have 
extended  mainly  by  spreading  along  the  course  of  the 
alveolar  walls,  thus  tending  to  surround  the  alveoli 
rather  than  to  bulge  into  their  interior.  Where  the 
section  passes  more  or  less  through  the  centre  of  an 
alveolus,  showing  the  alveolar  wall  in  transverse 
section,  the  epithelial  lining  on  either  side  is  seen  to 
be  slightly  swollen,  and  the  nuclei  of  some  of  the  cells 
stain  more  deeply  than  usual,  as  though  preparing  to 
divide.  But  where  the  section  meets  the  circum- 
ference of  the  alveolus  more  or  less  tangentially  a 
much  larger  cellular  area  is  obtained,  showing  what 
appears  to  be  an  indiscriminate  arrangement  of 
epithelial  cells,  endothelium,  and  blood  capillaries. 
In  a  14  days'  specimen  (Calf  288)  the  same  condition 
is  observed,  the  only  difference  being  that  the  infil- 
tration of  the  alveolar  walls  has  increased  in  amount. 

These  two  specimens  illustrate  an  important 
difference  between  early  tubercles  in  the  lungs  and 
early  tubercles  in  a  solid  organ  such  as  the  liver.  A 
tubercle  originating,  for  example,  in  the  liver  paren- 
chyma, expands  more  or  less  equally  in  all  directions, 
and  consequently  in  whatever  i)lane  the  section 
happens  tp  pass  through  it  there  is  the  same  general 
relationship  of  parts,  the  central  portion  of  the  lesion 
being  older  than  the  peripheral.  But  early  tubercles 
in  the  lungs  are  less  solid  formations  ;  they  creep 
along  the  alveolar  walls  and,  for  a  time,  only  encroach 
to  a_ slight  extent  upon  the  lumea  of  the  alveolus.  A 
section  passing  diametrically  through  the  alveolar  wall 
shows,  in  order,  swollen  epithelial  cells,  endothelial  cells 
which  are  also  swollen  and  have  lost  their  distinctness 
of  outline,  imperfectly  defined  blood-capillaries;  and 
tubercle  bacilli  are  seen  in  direct  contact  both  with 
endothelial  and  with  epithelial  cells.  But  where  alveoli 
in  the  same  pathological  condition  are  cut  tangentially, 
the  lesions  occupy  a  much  larger  area,  thouoh  revealing 
no  fresh  constituents  ;  instead  of  being  cut  across,  the 


elements  of  the  alveolar  wall  are  observed  in  con- 
tinuity ;  the  elements  which  happen  to  be  in  the  centre 
of  such  an  area  are  not  the  centre  of  a  uniformly  ex- 
panding focus  and  may  not  be  in  a  more  advanced  stage 
of  pathological  change  than  the  elements  at  the  periphery. 
Areas  such  as  these  are  constantly  encountered  in  early 
lesions  of  the  lungs,  and,  though  they  may  be  spoken  of 
as  early  tubercles,  it  is  important  to  bear  in  mind  that 
they  are  not  to  be  interpreted  as  though  they  were 
sections  of  solid  and  more  or  less  sj^herical  nodules. 

The  following  examples  may  be  quoted  : — 

Calf  436  died  16  days  after  subcutaneous  inocula- 
tion with  virulent  bacilli.  The  lungs  show  many  small 
lesions  containing  numerous  bacilli,  but  the  amount  of 
disease  is  not  sufficient  to  account  for  death.  The 
epithelial  cells  are  in  much  the  same  condition  as  in 
the  14  days'  animal  (Calf  288).  They  are  swollen, 
and  their  nuclei  sometimes  show  signs  of  division,  but 
the  majority  of  the  cells  still  retain  their  connection 
with  the  alveolar  walls,  and  desquamated  cells  are  not 
common  in  the  alveoli. 

Calf  258  died  18  days  after  subcutaneous  inocula- 
tion, and  the  lungs  show  a  sufficient  amount  of  disease 
to  account  for  death.  The  swelling  up  of  the  epi- 
thelial cells  is  very  conspicuous  and,  as  contrasted  with 
the  previous  animals,  large  numbers  of  these  cells  are 
desquamating  into  the  alveoli.  Both  completely 
detached  cells  and  swollen  cells  protruding  into  the 
alveoli  are  found  in  all  parts  of  the  specimen.  Some 
of  the  cells  show  mitotic  divisions  ;  in  a  larger  number 
direct  division  of  the  nucleus  is  in  process.  The  same 
conspicuous  swelling  up  and  desquamation  of  the 
epithelial  cells  hive  been  found  in  other  calves  in 
which  subcutaneous  inoculation  proved  fatal  during 
the  third  week,  e.g.  in  Calves  244,  254,  37G,  933  (19 
days)  and  Calf  569  (20  days).  In  these  specimens 
also  mitotic  figu  "is  are  occasionally  met  with  but  indi- 
cations of  direct  uivisions  are  much  more  frequent. 

From  the  third  week  onwards  all  the  acutely  infected 
calves'  lungs  show  the  same  condition,  viz.,  swelling 
up  and  copious  desquamation  of  the  epithelial  cells, 
abundant  evidence  of  amitotic  division  and  some  signs 
of  mitotic  division,  or  of  abortive  attempts  at  mitosis, 

Concurrently  with  this  filling  up  of  the  alveoli  with 
desquamated  cells,  the  infection  of  the  alveolar  walls 
advances,  and  the  tubercle  then  becomes  a  solid  body 
in  which  the  distinction  between  the  walls  and  the 
contents  of  the  alveoli  gradually  becomes  obliterated. 
When  caseous  degeneration  is  progressing  rapidly,  the 
epithelial  cells  quickly  disappear  from  the  central  parts 
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of  the  lesions.    Where  the  destructive  process  is  less  greatly  increased.    In  the  10  days'  specimens  there  is. 

acute,  the  appearance  of   the  epithelial  cells  varies  a  further  advance  in  the  process  ;  in  some  of  the  cells- 

according  to  whether  or  no  they  have  retained  the  con-  the  nucleus  has  divided  into  two,  and  in  many  places  a 

tinuity  of  their  protoplasmic  outline.    In  the  former  small  group  of  cells  has  partially  fused  together.  In 

case,  these  cells,  greatly  swollen  and  staining  rather  15  days  there  is  further  swelling  of  the  cells  and 

faintly,  may  form  groups  ;  the  individual  cells  are  amitotic  division  of  the  nuclei,  and  many   of  the 

separated  from  each  other  by  a  polygonal  outline,  and  swollen  epithelial  cells  are  partially  fused  together, 

the  general  appearance  and  arrangement  resembles  a  In  one  specimen,  showing  advanced  consolidation,  with 

layer  of  epithelium  ;  hence  the  term  "  epithelioid,"  many  caseous  areas,  this  feature  is  particularly  promi- 

which  is  sometimes  applied  to  those  cells  arranged  in  nent.    In  areas  where  the  alveoli  are  not  completely 

this  manner.     But  more  coiomonly,  in  acute  infec-  occluded,  desquamated  alveolar  cells  are  often  found 

tions,  the  epithelial  cells  which  have  become  incorpo-  in  groups,  and  in  many  instances  there  is  complete 

rated  into  a  tubercle  fail  to  preserve  their  individuality,  fusion  of  their  protoplasm,  whilst  their  nuclei  are 

and  their  protoplasm  gradually  becomes  fused  with  the  arranged  peripherally.  Within  the  protoplasm  tubercle 

protoplasm  of  adjacent  endothelial  or  other  cells  ;  at  bacilli  are  generally  to  be  found.    Passing  into  com- 

this  stage  there  is  a  matrix  of  protoplasm  in  which  pletely  consolidated  areas,  similar  appearances  are  seen, 

nuclei  are  embedded  ;  to  both  nuclei  and  protoplasm  The  cell  fusions  here  described  are  irregular  rather 

epithelial  cells  contribute,  but  their  identity  is  soon  than  circular  in  outline,  and  generally  the  nuclei  are 

lost.                                                                ■  not  equally  distributed  at  all  parts  of  their  periphery. 

Epithelial  cells  readily  take   up   bacilH,  and   the  There  are  also  found,  lying  free  within  alveoli  which 

swollen  type  of  cell,  particularly  the  desquamated  are  not  completely  consolidated,  what  at  first  sight 

cell  lying  free  within  an  alveolus  frequently  contains  appear  to  be  tubes  cut  transversely  and  filled  with 

several  ;  the  bacilli  appear  to  find  the  interior  of  these  coagulated  deposit.    On  closer  examination,  the  cen- 

cells  favourable  for  multiplication.  tral  part  of  many  of  these  is  found  to  consist  of  a 

In  acute  infections  of  the  pig  by  subcutaneous  in-  greatly  swollen  alveolar  cell ;  this  is  surrounded  by 

oculation  the  lung  epithelium  follows  the  same  changes  nuclei  apparently  derived  from  other  cells  which  have 

as  in  the  calf.    Thus  in  Pigs  142  and  150,  killed  wrapped  themselves  round  the  epithelial  cell  whilst 

8  and  14  days  after  inoculation,  there  is  a  similar  their  protoplasm  has  fused  with  the  protoplasm  in  the 

infiltration  of  the  alveolar  walls,  together  with  some  central  area. 

swelling  of  the  epithelial  cells  and  occasional  signs  of  The  lungs  of  calves,  like  those  of  rabbits,  show  a 

nuclear  division,  but  with  little  or  no  desquamation  of  rapid  and  profuse  swelling  up  and  desquamation  of 

the  cells  and  escape  into  the  alveoli.    The  lungs  of  epithelial  cells  after  intravenous  inoculation. 
Pig  94,  killed  61  days  after  subcutaneous  inoculation  *     In  less  acute  infections  the  condition  of  the  epithe- 

with  1  mg.  of  virulent  bacilli,  show  acute  disease  at  a  lial  cells  varies  with  the  type  of  the  lesions.    In  the 

later  stage.    In  this  specimen  there  is  very  abundant  retrogressive  type  exhibiting  a  caseous  centre  sur- 

desquamation  of  epithelial  cells  and  the  alveoli  filled  rounded  by  a  broad  fibrous  zone,  it  may  be  impossible 

with  this  material  are  in  process  of  fusion  with  the  to  recognise  any  survival  of  the  alveolar  epithelium 

adjacent  tubercular  areas.    In  the  lungs  of  Pig  80,  within  the  tubercles,  and  in  the  surrounding  tissue 

killed  131  days  after  feeding  with  bacilli,  the  tubercles  this  epithelium  may  appear  normal.    In  circumscribed 

in  the  lungs  are  expanding  in  the  same  way,  by  fusion  tubercles  where  the  fibrous  element  is  less  developed 

with  adjacent  alveoli  filled  with  desquamated  cells,  and  swollen  epithelial  cells  may  participate  in  the  forma- 

where  the  alveolar  boundaries  have  disappeared  the  tion  of  the  so-called  epithelioid  zone  ;  and  in  lesions 

"  epithelioid "  arrangement  of  the  cells  is  well  shown.  which   are   progressing,   though   slowly,   the  tissue 

In  this  specimen  several  mitotic  figures  are  found,  surrounding  the  tubercles  shows  a  swelling  up  and 

though,  as  is  usually  the  case,  amitotic  division  is  desquamation  of  the  alveolar  cells  which,  though 

much  more  common.    Bacilli  are  scanty  in  this  speci-  localised,  is  comparable  in  character  to  the  general 

men,  but   in   Pig  94,  where  they   are  much  more  condition  observed  in  acute  infections.    In  very  mild 

numerous,  they  occur  in  considerable  numbers  within  infections  where  retrogression  has  set  in  after  no  more 

desquamated  epithelial  cells.  than  a  slight  amount  of  caseation  has  been  produced. 

After  intravenous  inoculation  swelling  up  of  the  the  lesions  are  generally  overrun  with  lymphocytes 

epithelial  cells  is  more  rapid  and  is  more  promptly  and  other  wandering   cells  and  very  few  epithelial 

followed  by  desquamation.    In  rabbits  this  swelling  cells  can  be  made  out  ;  it  is  a'so  difficult  to  trace  the 

up  of  the  cells  is  well  marked  in  24  hours,  and  is  still  origin   of  any  giant   cells   which   may  be  present, 

more  conspicuous  in  three  days  ;  in  both  the  24  hours'  though  from  a  comparison  with  more  acute  lesions 

and  the  three  days'  specimens  a  few  cells  have  become  showing  these  structures  it  appears  probable  that  the 

detached  and  escaped  into  the  alveoli.    In  the  five  disintegrated  epithelium  has    contributed  to  their 

days'  specimens  the  number  of  desquamated  cells  has  origin. 


(2.)  Epithelium  of  Secretory  Glands. 


In  the  secretory  glands  possessing  a  characteristic 
epithelium,  this  structure  usually  takes  a  less  active 
part  than  the  pulmonary  epithelium  in  the  process  of 
tubercle  formation. 

Liver. 

In  searching  specimens  illustrating  early  dissemina- 
tion of  tubercle  bacilli  in  the  liver  a  bacillus  is  occa- 
sionally found  within  a  parenchymatous  cell  which 
appears  to  be  histologically  normal.  But  these 
instances  are  rare  and  do  not  invalidate  the  general 
rule  that  the  presence  of  tubercle  bacilli  at  once  sets 
up  pathological  changes  in  the  liver  cells  with  which 
they  come  into  contact.  The  cells  fail  to  take  their 
normal  protoplasmic  stain,  and  their  nuclei  lose  their 
regularity  of  contour.  Occasionally  a  mitotic  figure 
may  be  found  in  a  liver  cell  which  is  close  to  a  tuber- 
cular focus,  or  the  nuclear  chromatin  may  assume  a 
deeper  stain  suggestive  of  preparation  for  mitosis  ; 
but  these  mdications  of  normal  reproduction  are 
exceptional. 

It  is,  however,  erroneous  to  assume  that  the 
liver  cells  disappear  in  toto  and  are  replaced  by  entirely 
new  elements.  In  early  tubercles,  for  example  in  the 
calf,  pig,  and  rabbit,  the  first  change  noted  is  that  the 
protoplasm  of  the  liver  cell  loses  its  outline  and 
merges  with  the  protoplasm  of  adjacent  endothelial 
and  parenchymatous  cells.    Closely  following  this 


change  there  is  often,  but  not  always,  an  alteration  in 
the  shape  of  the  nucleus.  When  this  stage  is  reached 
the  liver  cell  has  lost  its  individuality  and  is  merged 
into  a  fusion  of  protoplasm  containing  nuclei.  Many 
of  these  nuclei  divide  by  direct  division  ;  and  it 
frequently  happens  that  the  nuclei  of  the  parenchy- 
matous cells  contribute  to  these  daughter  nuclei,  since 
these  cells  often  show  signs  of  direct  division  before 
they  have  lost  their  individuality  as  separate  cells.  It 
is  also  commonly  found,  particularly  at  the  margin  of 
an  area  commencing  to  caseate,  that  the  nuclei  retain 
their  normal  shape  after  the  protoplasm  has  com- 
menced to  disintegrate  ;  and  such  an  arrangement  of 
large  nuclei  regularly  disposed  in  an  imperfectly 
defined  protoplasmic  area  often  contributes  to  an 
"  epithelioid  "  stage  of  tubercle  formation. 

In  examining  the  groups  of  newly  formed  nuclei 
which  are  characteristic  of  early  tubercles,  the  endo- 
thelial and  parenchymatous  elements  are  often  so 
intimately  blended  that  it  is  impossible  to  assign  to 
these  nuclei  a  distinctive  origin  from  one  or  the  other 
type  of  cell ;  but  in  early  lesions  clear  evidence  may 
frequently  be  found  that  the  nuclei  of  the  liver  cells 
play  an  important  part  in  the  process  and  that  they 
possess  a  remarkable  capacity  for  multiplying  by 
direct  division.  This  is  well  shown  in  the  livers  of 
rabbits  killed  in  early  stages  after  intravenous  inocu- 
lation. 
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In  these  specimens  the  nuclei  often  form  large 
masses,  occupying  a  central  area  which  is  sur- 
rounded by  the  fused  protoplasm  of  two  or  three 
liver  cells.  In  many  of  the  lesions  where  these  large 
giant  cells  occur  the  endothelial  element  is  incon- 
spicuous, and  though  the  possibility  of  endothelial 
elements  having  been  incorporated  in  the  cell  mass 
cannot  be  excluded,  there  is  clear  evidence  that  the 
parenchymatous  cells  have  contributed  largely,  if  not 
exclusively,  to  both  the  nuclei  and  the  protoplasm  of 
many  of  the  giant  cells.  In  another  animal  (Eabbit 
1283)  killed  29  days  after  intravenous  inoculation  with 
50  mg.  of  dead  bacilli,  the  liver  shows  an  extremely 
large  number  of  small  giant  cells,  in  which  it  is 
evident  that  the  protoplasm  has  been  formed  by  the 
fusion  of  adjacent  parenchymatous  cells.  In  this  case 
the  nuclei  of  the  giant  cells  appear  to  be  derived  partly 
but  not  exclusively  from  the  parenchymatous  cells,  the 
other  source  from  which  the  nuclei  have  been  derived 
being  the  capillary  endothelium.  And  an  additional 
feature  of  interest  in  this  specimen  is  the  invasion  of 
giant  cells  by  small  lymphocytes. 

Kidney. 

The  part  played  by  the  epithelium  of  the  renal 
tubules  in  tubercle  formation  is  relatively  small. 
These  cells  rarely  contain  bacilli,  except  when  dis- 


integrated, and  they  show  no  sign  of  multiplication 
when  in  contact  with  developing  tubercular  foci.  As 
the  tubercular  process  spreads  along  the  interstitial 
tissue  the  tubules  are  gradually  cut  off  and  may  often 
be  seen  in  section  within  well  formed  tubercles.  The 
degenerating  cells  of  the  renal  epithelium  then  often 
present  some  resemblance  to  giant  cells,  but  their 
nuclei  show  no  signs  of  multiplication  by  direct 
division,  and  there  is  no  evidence  that  the  multi- 
nucleate mass  which  constitutes  a  genuine  giant  cell  is 
derived  from  the  renal  epithelium, 

Mammary  Gland. 

Like  the  renal  epithelium,  the  cells  lining  the 
mammary  tubules  do  not  take  an  active  part  in 
tubercle  formation.  When  degenerating,  these  cells 
may  contain  bacilli,  and  in  cells  which  have  been  shed 
and  carried  into  the  collecting  tubes  bacilli  are  often 
nurarrous.  But  the  usual  process  of  infection  is  a 
progressive  invasion  of  the  interstitial  tissue  with  a 
gradual  invasion  and  breaking  down  of  the  glandular 
cells,  when  these  have  been  cut  ofE  from  their  normal 
surroundings.  Mitotic  figures  are  sometimes  found  in 
epithelial  cells,  but  too  rarely  to  indicate  that  the 
invasion  of  bacilli  has  stimulated  proliferation.  ^Vithin 
definitely  formed  tubercles  the  mammary  cells  speedily 
disappear. 
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LESIONS  PRODUCED  BY  AVIAN  TUBERCLE  BACILLL 


I— LESIONS  IN  FOWLS  AND  PARROTS. 

(a)  Intravenous  Inoculations  in  Fowls. 
(1.) 

VIRUS— P  III. 
Animal  Inoculated.— Fowl  100. 


Fowl  100  was  inoculated  intravenously  with  1  mg. 
of  culture  of  P  III  (a  porcine  virus  with  avian 
characters),  and  died  33  days  afterwards. 

Lungs. 

There  are  several  small  foci  which  consist  of 
colonies  of  bacilli  surrounded  by  fibrous  tissue. 
Loosely  distributed  bacilli  also  occur  in  many  parts 
of  the  tissue,  but  these  organisms  have  not  grown  into 
colonies  ;  in  some  situations  they  are  surrounded  with 
oxyphil  leucocytes  and  the  remains  of  these  cells  ; 
in  other  places  bacilli  appear  to  be  within  or  adherent 
to  the  capillary  walls.  The  whole  of  the  tissue  con- 
tains large  numbers  of  oxyphil  leucocytes.  This  is 
the  most  prominent  histological  change. 

Liver. 

The  tissue  is  packed  with  clusters  of  bacilli.  At 


the  periphery  of  each  of  these  groups  of  bacilli  there 
are  several  layers  of  fibrous  tissue  and  an  abundant 
deposit  of  hyaline  material.  The  nodules  thus 
formed  are  more  or  less  circular  in  outline  and  have 
replaced  nearly  the  whole  of  the  liver  tissue.  Their 
interior  is  not  caseous  but  contains  cells  which 
stain  badly,  and  appear  to  be  swollen  and  distorted 
parenchymatous  and  endothelial  cells.  No  giant  cells 
are  present.  In  the  interstices  of  tissue  left  between 
the  nodules  plasma  cells  are  numerous,  and  there  is 
a  moderate  sprinkling  of  oxyphil  leucocytes. 

Kidneys. 

With  the  exception  of  one  minute  group  of  bacilli 
which  have  produced  no  definite  lesion,  the  specimen 
examined  is  normal. 

Spleen. 

The  spleen  is  in  the  same  condition  as  the  liver. 


Summary. 

The  lungs  contain  several  small  groups  of  bacilli  which  are  surrounded  by  fibroblasts.  The  liver  is  a  mass 
of  small  nodules  which  have  a  broad  periphery  of  fibrous  and  hyaline  material  and  are  filled  with  bacilli.  The 
kidneys  appear  to  have  almost  completely  escaped  infection. 


(2.) 

VIRUS -P  XXI. 
Animal  Inoculated.— Fowl  152. 


Fowl  152  was  inoculated  intravenously  with  1  mg. 
of  culture  of  P  XXI  (a  porcine  virus  with  avian 
characters),  and  was  killed,  when  ill,  42  days  after- 
awards. 

Lungs. 

Small  groups  and  colonies  of  bacilli  are  scattered 
throughout  the  tissue.  The  bacilli  have  produced 
very  little  tissue  reaction,  with  the  exception  of  one 
group  which  are  enclosed  within  a  fibrous  nodule. 
The  bacilli  forming  this  group  are  long  (about  4  fi) 
and  more  or  less  curved  ;  in  other  parts  of  the  tissue 
the  bacilli  are  very  short  and  straight. 


Liver. 

The  tissue  is  crowded  with  bacilli,  which  form 
colonies  showing  some  tendency  to  be  surrounded  by 
fibroblasts. 

Kidnei/s. 

Several  small  colonies  of  bacilli  are  present. 

Spleen. 

Like  the  liver,  the  spleen  is  crowded  with  large 
colonies  of  bacilli. 


Summary. 

Severe  infection  of  livev  and  spleen  ;  scattered  cplonies  of  bacilli  in  the  lungs  and  a  few  in  the  kidneys. 


(3.) 

VIRUS-P  XLIV. 
Animal  Inoculated.- Fowl  172. 


Fowl  172  was  inoculated  intravenously  with  -01  mg. 
of  culture  of  P  XLIV  (a  porcine  virus  with  avian 
■characters),  and  died  56  days  afterwards. 

Lungs. 

There  are  a  few  slightly  caseous  patches  in  which 


bacilli  are  abundant,  the  rest  of  the  tissue  beirg 
normal. 

Liver. 

The  liver  contains  very  large  numbers  of  bacilli, 
which  have  grown  into  colonies  and  rosettes.  The 
bacilli  have  produced  many  caseous  areas,  some  of 
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■which  are  discrete,  whilst  others  are  semi-confluent.  Spleen. 
Associated  with  the  lesions  multi-nucleate  masses  and 

giant  cells  are  generally  found.  Bacilli  are  even  more  abundant  than  in  the  liver. 

The  tissue  is  riddled  with  large,  confluent,  caseous 
Kidneys.  foci.     Aggregations  of  nuclei  are   present,  but  are 

No  lesions  or  bacilli  have  been  found.  less  conspicuous  than  in  the  liver. 

Summary. 

In  the  liver  and  spleen  the  bacilli  have  multiplied  very  copiously  and  have  produced  extensive  tissue 
destruction.    The  lungs  are  only  slightly  affected. 


(4.) 

VIRUS— A  II. 
Animal  Inoculated.— Fowl  92„ 


Fowl  92  received  an  intravenous  inoculation  with 
01  mg.  of  culture  of  A II,  and  died  29  days  afterwards. 

Lungs. 

'Throughout  the  tissue  there  are  numerous  small 
lesions  characterised  by  partial  cell  necrosis  and  a 
more  or  less  definite  fibrous  boundary.  In  all  these 
situations  bacilli  are  numerous  and  in  many  of  them 
have  grown  into  semi-solid  clumps  ;  there  is  some 
indication  of  a  tendency  to  rosette  formation.  Bacilli 
do  not  occur  apart  from  these  foci,  which  presumably 
have  originated  from  bacilli  deposited  shortly  after 
inoculation.  The  tissue  is  intensely  engorged  with  red 
blood-corpuscles.  On  this  account,  and  perhaps  also 
owing  to  some  post-mortem  change,  the  demonstration 
of  oxyphil  leucocytes  has  not  been  successful ;  judging 
from  the  characters  of  the  nuclei  of  the  cells  in  the 
semi-necrotic  areas,  these  cells  are  not  numerous.  The 
bacilli  are  short,  straight,  and  uniformly  stained. 


Liver. 

The  entire  tissue  is  crowded  with  gr-jups  of  bacilli ; 
in  most  of  the  groups  the  rosette  formation  of  the 
bacilli  is  well  marked.  In  the  areas  occupied  by  the 
bacilli  the  tissue  cells  are  partially  necrotic.  There  is 
neither  caseation,  fibrous  demarcation  of  the  foci,  nor 
giant  cell  formation.  There  is  a  general  infiltration 
of  the  tissue  with  leucocytes  and  lymphocytes. 

Kidneys. 

No  lesions  have  been  found,  but  a  few  bacilli  are 
present  in  blood-vessels. 

Spleen.  • 

Like  the  liver,  the  spleen  is  densely  packed  with 
colonies  of  bacilli.  The  bacilli  have  produced  partial 
necrosis,  but  have  not  led  to  giant  cell  formation. 
There  is  no  evidence  of  fibrous  demarcation  of  the 
areas  in  which  they  occur. 


Summary. 

The  liver  and  spleen  are  swarming  with  bacilli.  The  organisms  are  evidently  growing  much  more  freely 
here  than  in  the  lungs.  In  the  lungs  they  are  much  less  abundant,  and  the  foci  which  contain  them  are 
generally  surrounded  by  fibrous  tissue.    The  kidneys  seem  to  have  escaped  infection. 


(5.) 

VIRUS-A  II. 
Animal  Inoculated.— Fowl  96. 


Fowl  96  was  inoculated  intravenously  with  10  mg. 
of  culture  of  A  II,  and  died  37  days  afterwards. 

Lungs. 

The  tissue  is  engorged  with  red  blood-corpuscles, 
but  there  is  no  histological  change  indicative  of 
tubex'culosis.  Under  a  low  power  the  whole  of 
the  tissue  is  seen  to  be  sprinkled  with  colonies 
of  bacilli.  Some  of  the  colonies  have  irregular 
gaps  in  the  middle,  but  they  do  not  form  well 
marked  rosettes.  Under  a  higher  magnification 
many  smaller  groups  of  bacilli  are  also  found. 
Several  bacilli  have  been  seen  within  the  blood- 
vessels. The  distribution  of  bacilli  is  quite  irregular, 
and  their  presence  does  not  seem  to  have  provoked  any 
tissue  reaction.  No  fibrin  is  present.  The  bacilli  are 
straight,  uniformly  stained,  and  very  small,  generally 
from  -5  to  1  n  in  length  and  not  often  longer  than  1  p.. 

Liver. 

In  sections  not  stained  for  bacilli  the  tissue  is 
riddled  with  small,  pale  areas,  between  which  the 


unaltered  and  more  deeply  stained  cells  of  the  tissue 
appear  like  the  meshes  of  a  network.  The  pale  areas 
consist  of  swollen  and  distorted  parenchymatous  and 
endothelial  cells.  These  areas  do  not  present  any 
particular  structure  characteristic  of  tubercles.  No 
giant  cells  are  present.  There  is  no  fibrin.  In 
carhol  fuchsin  and  methylene  blue  specimens  tuber- 
cle bacilli  are  so  numerous  that  they  appear  to 
occupy  almost  as  much  space  as  the  tissue  cells  ;  they 
correspond,  in  situation,  to  the  pale  are:is  referred  to 
above.  The  bacilli  have  grown  in  confused  masses  and 
colonies,  with  only  a  slight  tendency  to  rosette 
formation.  Though  often  present  within  the  proto- 
plasm of  the  cells,  the  bacilli  are  not  characterised  by 
any  special  limitation  to,  or  preference  for,  the  interior 
of  cells.  The  length  of  the  bacilli  is  rather  greater 
than  in  the  lungs,  forms  as  long  as  2  being  frequent  : 
they  are  nearly  all  straight  and  uniformly  stained. 

Kidneys. 

No  histological  lesions  are  noticeable,  but  there  are 
several  small  clusters  of  bicilli.  The  bacilli  occur  in 
all  parts  of  the  tissue  and  not  infrequently  occupy 
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glomeruli.  Compared  with  the  liver,  the  number  of 
bacilli  present  is  very  small. 

Spleen. 

In  the  spleen  colonies  of  bacilli  are  even  more 
numerous  than  in  the  liver.  They  form  red  masses 
occupying  more  than  half  the  total  area  of  the  section. 
Rosette  forms  are  numerous.    The  amount  of  tissue 


destruction  is  very  small,  relatively  to  the  enormous 
number  of  bacilli  present. 

Bone  Marrow. 

Numerous  small  clumps  of  bacilli  are  present.  The 
bacilli  are  very  minute,  often  not  more  than  '5  ^ 
in  length,  and  have  produced  foci  of  partial  necrosis. 
No  fibrin  is  demonstrable. 


Summary. 

General  dissemination  of  bacilli,  which  have  multiplied  to  an  enormous  extent,  particularly  in  the  spleen  and 
liver.    Very  little  tissue  destruction.    No  formation  of  tubercles. 


(6.) 

VIRUS-A  IV. 
Animal  Inoculated.— Fowl  108. 


Fowl  108  received  an  intravenous  inoculation  with 
50  mg.  of  culture  A  IV,  and  died  35  days  afterwards. 

Lungs. 

Bacilli,  forming  small  solid  colonies  and  groups  of 
colonies,  aae  scattered  throughout  the  tissue.  Many 
of  the  larger  groups  are  surrounded  by  a  scanty  zoue 
of  fibroblasts.  Oxyphil  leucocytes  are  not  abundant. 
The  bacilli  are  minute,  straight,  and  uniformly 
stained. 

Liver. 

The  tissue  consists  of  a  mass  of  clusters  of  bacilli, 
separated  from  each  other  by  a  relatively  small 


amount  of  liver  tissue.  The  size  of  each  cluster  is 
from  about  one  to  four  times  that  of  a  renal 
glomerulus.  Surrounding  the  great  majority  of  the 
groups  of  bacilli  there  is  a  scanty  peripheral  layer  of 
fibroblasts. 

Kidneys. 

Within  a  few  glomeruli  fairly  large  groups  of  bacilli 
are  present,  and  minute  groups  are  formed  in  many 
parts  of  the  tissue.  Very  little  tissue  change  has 
been  produced. 

Spleen. 

Like  the  liver,  the  spleen  is  occupied  everywhere  by 
dense  masses  of  bacilli.  In  some  instances,  but  not 
so  frequently  as  in  the  liver,  the  groups  of  bacilli  are 
surrounded  by  fibroblasts. 


Summary. 

The  liver  and  spleen  are  almost  solid  with  bacilli.  The  lungs  are  less  severely  affected  and  the  kidneys 
only  slightly. 


(&)  Feeding  Experiments  in  Fowls. 

(1.) 
VIRUS-P  II. 
Animal  Fed.— Fowl  33. 


P'owl  32  Wis  fed  with  two  glycerin-serum  cultures 
of  P  II  (a  porcine  virus  with  avian  characters),  and 
died  107  days  afterwards. 


Lungs. 

A  few  suspicious  cell  fusions,  hardly  typical  of  giant 
cells,  are  present,  but  no  tubercle  bacilli. 


Liver. 

Two  specimens  of  liver  have  been  examined.  In 
one  the  only  abnormality  noted  is  a  small  amount  of 
cellular  infiltration  at  the  periphery  of  a  few  of  the  larger 
blood  vessel-*.    In  the  other  there  are  broader  zones 


of  infiltration  at  the  periphery  of  larger  blood  vessels, 
and  in  two  of  them  there  are  patches  of  necrosis  and 
groups  of  cell  fusions,  more  or  less  resembling  giant 
cells.  In  neither  specimen  have  any  tubercle  bacilli 
been  found. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

The  spleen  contains  large  areas  which  are  exten- 
sively caseous  and  contain  numerous  giant  celh. 
Bacilli  are  distributed  in  fairly  large  numbers 
throughout  these  areas,  and  are  generally  present  in 
groups  within  the  giant  cells. 


SOMMAhY. 

Except  in  the  spleen,  which  is  extensively  affected,  only  a  slight  amount  of  disease  has  been  produced  in 
the  organs  examined.    The  bacilli  have  nowhere  grown  into  dense  colonies. 
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(2.) 

VIRUS-P  III. 
Animal  Fed— Fowl  36. 


Fowl  36  was  fed  with  a  whole  glycerin  -  serum 
culture  of  P  III  (a  porcine  virus  with  avian  charac- 
teristics), and  died  96  days  afterwards. 


Lungs. 

In  the  specimen  examined  there  is  one  small  lesion 
consisting  of  a  semi-necrotic  area  surrounded  by 
leucocytes  and  lymphocytes.  In  thii  area  a  few 
bacilli  and  frag;ment3  of  bacilli  are  present  ;  none 
have  been  found  elsewhere. 


Liver. 

The  liver  contains  many  caseous  foci  which  have 
a  periphery  of  fibroblasts,  infiltrated  by  leucocytes. 
In  the  areas  where  caseation  is  commencing,  there 
are  aggregations  of  cell  nuclei,  but  no  typical  giant 
cells.  Bacilli  occur  both  in  the  centre  and  at  the 
periphery  of  the  caseous  foci,  and  sometimes  form 
groups  and  occasionally  small  colonies.  The  bacilli 
vary  in  length  from  Vb  to  4  ;u  and  are  often  curved 
and  beaded. 

Kidneys  and  Siileen. 
No  lesions  or  bacilli  have  been  found. 


Summary. 
Extensive  infection  of  the  liver. 


(3.) 

VIRUS-P  XXI. 
Animal  Fed.— Fowl  26. 


Fowl  26  was  fed  with  10  mg.  of  culture  of  P  XXI 
(a  porcine  virus  with  avian  characters),  and  was  killed 
92  days  afterwards. 

Lungs. 

A  few  suspicious  cell  fusions  have  been  found,  but 
no  tubercle  bacilli. 

Liver. 

Surrounding  some  of  the  larger  blood-vessels  and 
bile  ducts  there  is  a  broad  zone  of  infiltration  con- 
sisting of  dense  masses  of  oxyphil  leucocytes  together 
with  many  lymphocytes  and  plasma  cells.  Near  the 
same  situations  there  are  also  many  circular  islands 
which  are  densely  packed  with  leucocytes  and  lympho- 
cytes and  have  a  slight  peripheral  margin  of  fibro- 
blasts. In  some  of  these  islands  the  lymphocytes 
preponderate,  in  others  the  leucocytes.  In  one  of 
these  islands,  which  is  distinguished  from  the  rest  by 
being  slightly  necrotic  in  the  centre  and  containing, 
together  with  the  remains  of  liver  cells,  many  leuco- 
cytes but  no  lymphocytes,  a  few  tubercle  bacilli  are 
present.  No  bacilli  have  been  found  in  any  other 
situation.     In  addition   to  the   above  mentioned 


situations,  many  small  aggregations  of  leucocytes  and 
lymphocytes  are  present  within  the  lobules  ;  it  is 
noteworthy  that  these  frequently  occur  close  to  the 
periphery  of  blood-vessels.  In  the  single  lesion  where 
bacilli  are  demonstrable,  these  organisms  appear  to  be 
in  process  of  destruction  ;  it  is  probable  that  they 
would  have  soon  disappeared  and  that  then  this  lesion 
would,  like  the  others,  have  become  completely  filled 
up  with  leucocytes  and  lymphocytes.  Possibly  in 
many,  if  not  all,  the  other  lesions  observed,  tubercle 
bacilli  were  present  at  an  earlier  date. 

Kidneys. 

No  lesions  or  tubercle  bacilli  have  been  found. 
Spleen. 

Caseous  tubercles  are  present.  They  are  bounded  by 
a  well  marked  fibrous  zone  ;  internal  to  this  is  a  ring 
of  giant  cells  ;  the  protoplasmic  outlines  of  the  giant 
cells  are  indistinct,  and  their  nuclei  ai'e  characterised 
by  being  heaped  up  in  the  centre  of  the  cell.  Masses 
of  broken  down  leucocytes  are  found  amongst  the 
caseous  material  of  some  of  the  tubercles.  Bacilli 
are  present  in  the  tubercles  but  are  rare. 


Summary. 

After  feeding  with  a  small  dose  (10  mg.),  definite,  but  retrogressive,  infection  has  been  produced  in  the 
liver  and  spleen ;  and  in  the  latter  organ  there  are  many  fibro-caseous  tubercles  containing  numerous  giant  cells. 


(4.) 

VIRUS— P  XXI. 
Animal  Fed.— Fowl  28. 


Fowl  28  was  fed  with  10  mg.  of  culture  of  P  XXI  (a  few  tubercle  bacilli  occur,  but  there  are  no  definite 
porcine  virus  with  avian  characters),  and  died  103  days  tubercles. 


afterwards 

Lungs. 

No  lesions  or  bacilli  have  been  found. 

Liver. 


Spleen. 

A  few  small,  caseous  foci  are  present  and  contain 
a  few  bacilli. 

Cervical  Gland. 


There  is  a  marked  leucocytic  infiltration,  particularly  There  are  a  few  small  groups  of  bacilli,  associated 
around  the  blood-vessels  and  between  the  lobules  ;  a     with  slight  necrotic  change. 

Summary. 

Slight  infection  of  liver,  spleen,  and  a  cervical  gland;  bacilli  scanty. 
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(5.) 

VIRUS-P  XXVIL 
Animal  Fed— Fowl  40. 


Fowl  40  was  fed  with  one  glycerin-serum  tube  of 
culture  of  P  XXVII  (a  porcine  virus  with  avian 
characters),  and  died  63  days  afterwards. 

Lungs. 

There  are  a  few  small  foci,  each  containing  a  group 
of  leucocytes  and  lymphocytes ;  in  one  of  these 
situations  a  tubercle  bacillus  has  been  found. 


Liver. 

There  is  a  leucocytic  infiltration,  particularly  well 
marked  near  the  blood-vessels,  and  one  patch  of  slight 
caseation  has  been  noted  ;  no  tubercle  bacilli  have 
been  found. 

Spleen, 

No  lesions  or  bacilli  have  been  found. 


Summary. 
Very  slight  infection. 


(6.) 
VIRUS-A  I. 
Animal  Fed.— Fowl  146. 


Fowl  146  was  fed  once  with  10  mg.  of  culture  of 
A  I,  and  died  131  days  afterwards. 

Lungs. 

No  lesions  or  bacilli  have  been  found. 

Liver. 

The  specimen  contains  a  few  isolated,  caseous  foci 
which  have  a  broad  periphery  of  lymphocytes,  leuco- 


cytes and  fibroblasts,  and  internal  to  this  a  zone  of 
giant  cells.    Bacilli  are  very  scanty. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

There  are  several  caseous  areas  with  no  definite 
demarcation  zone.    Bacilli  are  very  rare. 


Summary. 

Isolated,  necrotic  lesions,  containing  very  few  bacilli,  are  present  in  the  liver  and  spleen. 


(7.) 
VIRUS-A  X. 
Animal  Fed— Fowl  264. 


Fowl  264  was  fed  with  the  tissues  of  a  rat  infected 
with  A  X,  and  was  killed  162  days  afterwards. 

Lungs. 

No  lesions  or  bacilli  have  been  found. 

Liver. 

The  specimen  contains  a  large  lesion  which  is  com- 
pletely necrotic  in  the  centre  and  is  surrounded  by  a 
well-defined  ring  of  fibroblasts,  outside  which  there  is 
a  broad  zone  of  lymphocytes  and  leucocytes.  There 
is  also  a  well  marked  infiltration  of  lymphocytes  and 
leucocytes  at  the  periphery  of  the  blood-vessels.  A 


few  bacilli  are  scattered  about  the  necrotic  centre  of 
the  lesion,  but  none  have  been  found  elsewhere. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen, 

There  is  one  large  caseous  patch,  in  which  bacilli  are 
scanty. 

Intestim. 

A  portion  of  the  intestinal  wall  is  greatly  thickened 
and  contains  large  caseous  tracts.  Bacilli  are  fairly 
plentiful. 


Summary. 


The  liver  and  spleen  contain  isolated  caseous  lesions  in  which  bacilli  are  scanty. 
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(c)     SUBCUTANEODS  INOCULATIONS  IN  FoWLS. 
(1.) 

VIRUS-P  II. 
Animal  Inoculated.— Fowl  158. 


Fowl  158  was  inoculated  subcutaneously  with  1  mg. 
of  culture  of  P  II  (a  porcine  virus  with  avian 
characters),  and  died  108  days  afterwards. 

Lutigs] 

There  are  many  large  nodules  which  are  in  an 
advanced  stage  of  caseation  and  contain  large  clusters 
of  bacilli.  At  the  periphery  of  the  nodules  there  is  a 
zone  of  fibroblasts.  Many  of  the  bacilli  are  long  and 
curved. 

Lii'er. 

Very  little  normal  tissue  is  left.  There  are  large 
tracts  of  completely  caseous  material  and  also  smaller 


foci  which  are  in  various  stages  of  caseation  and  are 
surrounded  by  fibroblasts.  In  all  the  smaller  tubercles 
the  formation  of  fibroblasts  at  the  periphery  is  well 
marked.  Apart  from  the  tubercular  foci  there  is 
general  fibroid  degeneration,  and  atrophy  of  the  liver 
cells.  Bacilli  are  abundant  in  all  the  lesions.  In  the 
older  tubercles  there  is  a  tendency  for  the  bacilli  to 
become  longer. 

Kichieys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

Most  of  the  tissue  is  replaced  by  large  caseous 
masses  in  which  bacilli  are  abundant. 


Summary. 

Progressive  tuberculosis  ;  very  advanced  caseation  ;  abundant  multiplication  of  bacilli. 


(2.) 

VIRUS-P  11. 
Animal  Inoculated.— Fowl  162. 


Fowl  162  was  inoculated  subcutaneously  with 
10  mg.  of  culture  of  P  II  (a  porcine  virus  with  avian 
characters),  and  died  61  days  afterwards. 

Lungs  and  Kidneys. 
No  lesions  or  bacilli  have  been  found. 

Liver. 

The  tissue  is  crowded  with  discrete  tubercles. 
Most  of  them   have  a  broad  fibrous  periphery  ; 


internal  to  this  is  a  zone  of  nuclear  aggregations,  too 
imperfectly  defined  to  be  termed  giant  cells  ;  the 
central  areas  are  completely  caseous.  Bacilli  are 
numerous,  both  in  the  caseous  portions  and  in  the 
peripheral  zones,  but  have  not  grown  into  rosettes. 

Spleen. 

The  greater  portion  of  the  tissue  is  replaced  by 
tubercles,  in  an  advanced  state  of  caseation,  which 
resemble  those  found  in  the  liver.  Bacilli  are 
more  abundant  than  in  the  liver,  and  have  grown 
into  dense  clusters  and  circular  colonies. 


Summary. 

Advanced  caseous  tubercles  of  the  liver  and  spleen,  with  very  large  numbers  of  bacilli.  The  lunge 
seem  to  have  escaped  infection. 


(3.) 

VIRUS-P  XXI. 
Animal  Inoculated.— Fowl  148. 


Fowl  148  was  inoculated  subcutaneously  with  10  mg. 
of  culture  of  P  XXI  (a  porcine  virus  with  avian 
characters),  and  died  71  days  afterwards. 

Lungs. 

A  few  minute,  slightly  necrotic  foci  are  present 
and  contain  a  few  tubercle  bacilli. 

Liver. 

The  tissue  is  thickly  scattered  with  small  tuber- 
cles which  have  a  well  marked  periphery  of  fibro- 
blasts ;  internal  to  this  is  a  zone  of  imperfectly 
formed  giant  cells  ;  the  centres  of  most  of  the 
tubercles  are  caseous.    Bacilli  are  present  in  the 


tubercles  but  occur  singly  ;  they  never  form  groups  or 
rosettes  ;  on  the  whole  they  are  short  (1  or  less 
to  2  /.). 

Kidneys. 

There  are  a  few  small  foci  which  are  probably 
minute  tubercles  and  have  been  overrun  with 
lymphocytes.    No  bacilli  have  been  found. 

Spleen. 

The  tissue  is  riddled  with  caseous  tubercles  which 
are  generally  bounded  by  an  abundant  layer  of 
fibroblasts.  Bordering  on  the  caseous  areas  there  are 
irregular  masses  of  imperfectly  defined  cell  nuclei 
suggestive  of  giant  cells.    Bacilli  are  much  more 
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numerous  than  in  the  liver,  and  have  often  grovyn 
into  small  groups. 

Local  Lesion.  ■ 
The  local  lesion  is  highly  necrotic,  but  in  many 


situations  the  caseous  material  is  marked  o£E  into 
tubercles  with  boundary  zones  similar  to  those  found 
in  the  liver  and  spleen.  Bacilli  occur  in  small  groups 
but  do  not  form  dense  colonies. 


Summary. 

Advanced  caseous  tubercles  of  the  liver  and  spleen. 


(4.) 

VIRUS-A  VII. 
Animal  Inoculated.— Fowl  220. 


Fowl  220  was  inoculated  subcutaneously  with  10  mg. 
of  culture  of  A  VII,  and  died  47  days  afterwards. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 


Lungs. 

No  lesions  or  bacilli  have  been  found. 

Liver. 

The  liver  contains  many  tubercles  which  are  com- 
pletely caseous  except  at  their  periphery,  where  they 
contain  many  fibroblasts.  Amongst  these  there  are  a 
few  cells  which  react  to  Pappenheim's  stain.  At  the 
periphery  of  the  lesions  oxyphil  leucocytes  are  scanty 
and  only  a  few  are  found  in  the  interior  ;  but  sur- 
rounding some  of  the  blood-vessels  these  cells  are 
found  in  large  groups.  Bacilli  occur  in  the  caseous 
parts  of  the  tubercles  in  moderate  numbers. 


Spleen. 

The  greater  part  of  the  tissue  is  replaced  by  tuber 
cles  in  an  advanced  stage  of  caseation.  These  tuber- 
cles are  packed  closely  together  and  are  often  confluent. 
Bacilli  are  scanty. 

Local  Lesion. 

The  local  lesion  shows  a  collection  of  caseating 
tubercles  embedded  in  the  underlying  muscle.  The 
tubercles  contain  a  large  amount  of  fibrous  elements  at 
their  periphery  and  a  few  plasma  cells.  Oxyphil 
leucocytes  are  scattered  about  in  small  numbers  but  do 
not  form  large  groups.  Bacilli  are  fairly  numerous  in 
the  lesions. 


Summary. 

Advanced  caseous  degeneration  of  the  spleen  ;  many  caseous  tubercles  in  the  liver  ;  lungs  normal. 


{d)   Intraperitoneal  Inoculations  in  Fowls. 

(1.) 
VIRUS-P  II. 
Animal  Inoculated.— Fowl  164. 


Fowl  164  was  inoculated  intraperitoneally  with 
10  mg.  of  culture  of  P  II  (a  porcine  virus  with  avian 
characters),  and  died  61  days  afterwards. 

Lungs  and  Kidneys. 
No  lesions  or  bacilli  have  been  found. 

Liver. 

The  liver  contains  masses  of  bacilli,  which  form 
groups  of  colonies.  Each  group  is  the  centre  of 
a  tubercle.     The  tubercles  are  partially  caseous, 


and  the  larger  of  them  have  an  incomplete  zone  of 
fibroblasts  at  their  periphery  ;  but  they  appear  to  be 
progressive,  and  none  of  them  are  completely  enclosed 
by  fibrous  tissue. 

Spleen. 

The  spleen  is  in  the  same  condition  as  the 
liver,  but  bacilli  are  even  more  numerous  and  the 
tubercles  are  more  closely  packed  together.  There  is 
less  tendency  to  the  formation  of  a  peripheral  zone  of 
fibroblasts.  There  are  many  aggregations  of  nuclei 
in  the  tubercles,  but  no  clearly  defined  giant  cells. 


Summary. 

Acute  infection  of  the  liver  and  spleen,  with  advanced  caseation  and  enormous  numbers  of  bacilli. 
The  lungs  and  kidneys  appear  to  have  escaped  infection. 


(2.) 

VIRUS-A  IV. 
Animal  Inoculated— Fowl  29S, 


Fowl  298  was  inoculated  intraperitoneally  with  20 
mg.  of  culture  of  A  IV,  and  died  81  days  afterwards. 

Lungs. 

There  are  a  few  small,  doubtful  foci,  but  no  bacilli 
have  been  found. 


Liver. 

Small  lesions  are  present,  and  are  probably  due  to 
the  action  of  the  tubercle  bacillus,  but  no  bacilli  have 
been  found. 

Kidneys  and  Spleen. 
No  lesions  or  bacilli  have  been  found. 


Summary. 

Very  slight  evidence  of  infection.    No  bacilli  found. 
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(e)    Inoculation  of  a  Fowl  with  Dead  Bacilli. 
VIRUS-A  X. 
Animal  Inoculated— Fowl  392. 


Fowl  392  was  inoculated  intravenously  with  50  mg. 
of  dead  bacilli  of  A  X,  and  died  46  days  afterwards. 

Lungs. 

There  are  a  few  slight  lesions,  consisting  of  partially 
broken  down  cells  infiltrated  with  leucocytes  and 
lymphocytes.  In  these  situations  one  or  two  frag- 
ments of  bacilli  have  been  found. 

Liver. 

Throughout  the  tissue  there  are  numerous  small 
groups  of  bacilli,  many  of  the  bacilli  being  fragmen- 
tary.   In  the  situations  where  they  occur,  the  bacilli 


have  caused  partial  disintegration  of  the  parenchy- 
matous cells,  together  with  some  marginal  infiltration 
of  leucocytes  and  lymphocytes. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

Throughout  the  tissue  there  are  fairly  large  groups 
of  bacilli  and  fragments  of  bacilli,  which  have 
produced  areas  of  partial  caseation.  These  patches 
are  surrounded  by  an  area  of  leucocytes  and 
lymphocytes. 


Summary. 

It  appears  that  dead  bacilli,  like  living  bacilli,  exercise  a  more  toxic  effect  upon  the  liver  and  spleen  than 
upon  other  organs. 


(e)    Experiments  on  Parrots. 
(1.) 

VIRUS-A  VI. 
Animal  Fed.— Parrot  4. 


Parrot  4  was  fed  with  1  mg.  of  culture  of  A  VI, 
and  died  76  days  afterwards. 

Lungs. 

There  are  a  few  large,  centrally  caseous  lesions, 
and  many  smaller  foci  which  are  non-caseous  or  only 
slightly  caseous.  In  all  these  situations  bacilli  are 
numerous  ;  they  also  occur  in  small  groups  in  many 
places  where  there  is  no  tissue  change. 

Liver. 

The  liver  contains  many  caseous  tabercles.  Sur- 
roundiag  the  caseous  areas  there  is  an  irregular  zone  of 


nuclei  which  is  more  or  less  continuous,  and  is  not 
marked  off  into  separate  giant  cells.  The  periphery 
of  the  lesions  is  well  defined,  and  contains  a  layer  of 
fibroblasts.  Tubercle  bacilli,  though  not  very  numer- 
ous, are  present  both  in  the  caseous  material  and  in 
the  cellular  zones  of  the  tubercles. 

Kidneys.  ' 

The  kidneys  contaia  breaking  down  lesions  in  which 
bacilli  are  abundant. 

S/jleen. 

There  are  many  caseous  patches  and  some  giant 
cells.    Bacilli  are  scanty. 


Summary. 

Disseminated,  caseous  lesions.    Bacilli  numerous  in  lungs  and  kidneys  ;  scanty  in  liver  and  spleen. 


(2.) 

VIRUS-A  VI. 
Animal  Inoculated.— Parrot  2. 


Parrot  2  received  an  intramuscular  inoculation  with 
10  mg.  of  culture  of  A  VI,  and  died  95  days  afterwards. 

Lungs. 

There  are  small  lesions  which  contain  swollen  and 
slightly  caseous  epithelium  and  endothelium,  and  are 
infiltrated  by  lymphocytes  and  leucocytes.  In  these 
situations  bacilli  are  numerous.  A  few  isolated  bacilli 
also  occur  apart  from  these  lesions. 


structure  to  those  in  the  lungs,  liut  no  bacilli  have 
been  found  in  them. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 


Liver. 

There  are  a  few  small  lesions  which  are  similar  in 


Spleen. 

No  lesions  or  bacilli  have  been  found. 
Summary. 


Slight  lesions  containing  fairly  numerous  bacilli  in  the  lungs  ;  small  lesions  but  no  bacilli  in  the  liver  ;  no 
sign  of  infection  in  kidneys  or  spleen. 
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(3.) 

VIRUS-A  X. 
[Animal  Inoculated— Parrot  20. 


Parrot  20  was  inoculated  intravenously  with  '01  mg. 
of  culture  of  A  X,  and  died  113  days  afterwards. 

Lungs. 

There  are  a  few  minute  foci  showing  a  tendency  to 
giant  cell  formation.    Bacilli  are  rare. 

Liver. 

Small  lesions,  similar  to  those  found  in  the  lungs, 
are  present  and  occasionally  contain  bacilli. 


Kidneys. 

One  lesion  has  been  found.  It  consists  of  a  group 
of  giant  cells  surrounded  by  an  infiltration  composed 
mainly  of  plasma  cells.  The  giant  cells  contain  large 
numbers  of  bacilli. 

Spleen 

There  are  many  fairly  large  patches  of  caseation  and 
very  numerous  giant  cells.  Bacilli  are  abundant 
throughout  the  specimen  and  have  grown  into  typical 
rosettes. 


SUMMART. 

The  spleen  is  severely  affected  and  contains  very  numerous  bacilli.    The  lungs,  liver  and  kidneys  are 

only  slightly  affected. 


General  Results. 


After  intravenous  inoculation  in  fowls,  severe  and 
rapidly  fatal  infection  is  produced.  The  brunt  of  the 
disease  falls  on  the  liver  and  spleen  ;  and  in  these 
organs  there  is  an  extremely  copious  multiplication  of 
bacilli.  The  lungs  and  kidneys  are  much  less  sus- 
ceptible. Many  bacilli  lodge  in  the  lungs,  and  there 
multiply  into  colonies  ;  but  they  pro  luce  very  little 
tissue  damage,  much  less  than  has  been  found  in 
several  cases  after  intravenous  inoculation  with  highly 
virulent  mammalian  bacilli.  In  the  kidneys  also, 
bacilli  may  be  detained,  though  in  much  smaller 
numbers  than  in  the  lungs ;  when  detained,  they 
frequently  grow  into  small  colonies  but  produce  very 
little  tissue  damage. 

After  feeding  in  fowls,  severe  disease  may  be  pro- 
duced ;  but  it  is  slower  in  development  than  after 
intravenous  inoculation,  and  is  associated  with  caseous 
tubercles  surrounded  by  giant  cells,  or  multinucleate 
cell  masses,  and  a  fibrous  periphery.    The  incidence  of 


the  disease  on  different  organs  is  the  same  as  after 
intravenous  inoculation,  the  liver  and  spleen  being 
most  severely  affected. 

After  subcutaneous  inoculation  in  fowls,  the  general 
results  are  similar  to  those  obtained  by  feeding  ;  but, 
in  addition  to  the  liver  and  spleen,  the  lungs  may 
exhibit  caseous  nodules. 

Intraperitoneal  inoculation  in  fowls  may  produce 
similar  effects  to  those  of  intravenous  inoculation  in 
the  liver  and  spleen,  but  seems  to  be  less  certain  in  its 
results. 

Dead  bacilli,  intravenously  inoculated,  exert  a  toxic 
effect  upon  the  fowl,  and  produce  more  damage  in  the 
liver  and  spleen  than  in  other  organs. 

The  specimens  of  parrots  examined  show  that  these 
birds  are  susceptible  to  the  avian  bacillus,  administered 
intravenously,  by  feeding,  or  by  intramuscular  inocu- 
lation, and  that  caseous  lesions  are  readily  produced. 


II.-LESIONS  IN  CALVES. 

(a)  Intravenous  Inoculations. 
(1.) 

VIRUS-A  VIII. 
Animal  Inoculated.— Calf  524. 


Calf  524  was  inoculated  intravenously  with  200  mg. 
of  culture  of  A  VIII,  and  died  30  days  afterwards. 

Lungs. 

There  is  general  congestion  of  the  tissue  and  there 
are  many  necrotic  patches  filled  with  broken  down 
leucocytes  and  other  cells.  These  areas  have  not  the 
appearance  of  tubercles,  and  though  breaking  down,  do 
not  contain  a  caseous  deposit.  Bacilli  are  very 
abundant  throughout  the  specimen  and  have  often 
grown  into  small  solid  balls  about  the  size  of  a  red 
corpuscle  and  sometimes  about  twice  this  size  ;  rosette 
formations  are  also  occasionally  observed.  The 
bacilli  are  quite  as  numerous  in  the  areas  showing 
little  or  no  tissue  change  as  in  the  necrotic  lesions. 
Oxyphil  leucocytes  are  very  abundant  within  and 
near  the  breaking  down  foci  ;  occasionally  they  contain 
bacilli,  but  not  frequently.  Cells  reacting  to  Pappen- 
heim's  «tain  are  scanty  and  do  not  contain  bacilli. 
Throughout    the  tissue    there    are   small  deposits 


of  fibrin,  much  of  which  appears  to  be  of  recent 
formation. 

Liver. 

The  entire  tissue  is  swarming  with  bacilli,  which  have 
grown  everywhere  into  solid  colonies  and  rosettes. 
The  liver  parenchyma  has  not  been  completely 
obliterated,  even  in  the  densest  areas  of  bacterial 
invasion,  but  in  these  situations  the  cells  stain  faintly 
and  the  nuclei  are  distorted.  Many  islands  and 
strands  of  intact  liver  cells  survive,  though  permeated 
by  considerable  numbers  of  bacilli.  Multinuclear 
leucocytes  are  rare,  but  small  lymphocytes  are  fairly 
common  in  all  parts  of  the  tissue.  No  definite  plasma 
cells  have  been  found.  Deposits  of  fibrin  are  numerous 
and  occur  where  there  are  large  collections  of  bacilli. 

Kidneys, 

There  are  no  definite  lesions,  but  bacilli  are 
numerous  in  all  parts  of  the  specimen.    They  occur 
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within  glomeruli  as  well  as  in  the  interstitial  tissue. 
In  several  places  they  form  small  solid  clumps. 
Bacilli,  though  numerous,  are  much  less  abundant  than 
in  the  liver  ;  they  do  not  form  large  masses  conspicuous 
with  a  low  power. 

Sjuleen. 

Bacilli  form  dense  masses  in  all  parts  of  the 
specimen  and  have  grown  into  solid  colonies  and 
rosettes.  There  are  a  few  patches  of  slight  necrosis, 
but  the  amount  of  tissue  alteration  is  very  small  on 
the  whole,  and  in  most  areas  the  presence  of  large 


numbers  of  bacilli  does  not  seem  to  have  produced  any 
modification  in  the  tissue. 

Popliteal  Gland. 

Bacilli  are  freely  disseminated  throughout  the  gland, 
and  have  often  grown  into  solid  colonies.  With  the 
exception  of  a  few  minute  patches  of  commencing 
necrosis,  they  have  produced  no  appreciable  alteration 
in  the  tissue  cells.  Leucocytes  are  not  numerous  ; 
they  contain  bacilli  occasionally  but  only  rarely.  No 
bacilli  have  been  found  within  large  lymphocytes. 
Small  deposits  of  fibrin  are  abundant  and  are  associated 
with  bacilli. 


Summary. 

General  dissemination  with  enormous  multiplication  of  bacilli,  hut  very  little  tissue  destruction,  and  no 
formation  of  tubercles.    There  is  well  marked  fibrin  formation. 


(2.) 

VIRUS-A  VIII. 
Animal  Inoculated.— Calf  544. 


Calf  544  was  inoculated  intravenously  with  10  mg. 
of  culture  of  A  VIII,  and  died  33  days  afterwards. 

Lungs. 

The  condition  of  the  lungs  is  in  every  respect 
identical  with  that  found  in  Calf  524. 

Liver. 

The  general  condition  is  the  same  as  in  Calf  524,  the 
only  differences  noted  being  that  (1)  bacilli,  though 
extremely  numerous,  are  less  abundant  than  in  the 
animal  inoculated  with  the  larger  dose,  and  (2)  oxyphil 
leucocytes  are  more  numerous  and  more  often  contain 
bacilli. 

Kidneys. 

There  are  no  definite  lesions,  with  the  exception 
of  small   collections   of   cells   consisting  chiefly  of 


lymphocytes  and  plasma  cells.  Bacilli  occur  here  and 
there  in  all  parts  of  the  specimen  and  occasionally 
form  a  clump,  but  are  less  numerous  than  in  the 
kidney  of  Calf  524. 

Spleen. 

There  are  more  patches  of  definite  caseation  than  in 
the  spleen  of  Calf  524.  Bacilli,  though  very  plentiful, 
are  rather  less  numerous  than  in  the  latter  animal. 

Portal  Gland. 

The  gland  contains  enormous  number  of  bacilli 
which  have  grown  into  solid  colonies  and  rosettes. 
With  the  exception  of  one  moderately  large  caseous 
patch,  there  is  very  little  tissue  destruction.  Leuco- 
cytes occur  in  the  neighbourhood  of  the  caseous  patch 
but  are  not  numerous  elsewhere.  Some  leucocytes 
have  been  found  to  contain  bacilli.  Several  giant  cells 
are  found.    There  are  a  few  deposits  of  fibrin. 


Summary. 

AVith  the  exception  of  minor  differences  the  condition  is  identical  with  that  of  Ciilf  524 


(3.) 

VIRUS-A  X. 
Animal  Inoculated.— Calf  546. 


Calf  546  was  inoculated  intravenously  with  50  mg. 
of  culture  of  A  X,  and  died  32  days  afterwards. 

Liinje. 

The  tissue  is  highly  congested,  but  there  are  no 
patches  of  complete  solidification.  There  are  no 
areas  of  necrosis  or  caseation,  nor  are  there  any  lesions 
suggestive  of  tubercle  formation.  Bacilli  are  present 
throughout  the  tissue  in  large  numbers,  but,  though 
evidently  multiplying,  have  not  grown  into  compact 
colonies.    Bacilli  sometimes  occur  within  blood-vessels. 

Liver. 

Except  for  the  presence  of  more  lymphocytes  and 
leucocytes  than  usual  in  the  capillaries,  the  greater 
part  of  the  tissue  appears  normal.  There  are, 
however,  several  foci  where  these  wandering  cells  are 
collected  in  large  numbers  and  the  parenchymatous 


cells  stain  badly  and  are  partially  obliterated.  These 
lesions  are  not  sufficiently  well  defined  to  be  described 
as  tubercles.  Bacilli  are  present  in  all  parts  of  the 
tissue,  but  do  not  form  dense  groups  or  colonies  ;  they 
are  most  numerous  in  the  lesions  referred  to. 

Kidneys. 

There  are  patches  of  infiltration  with  lymphocytes, 
leucocytes,  and  plasma  cells,  but  no  well  defined  lesions. 
Bacilli  are  present  in  the  interstitial  tissue  but  are 
scanty. 

Popliteal  Gland. 

There  are  several  small  foci  s'lowing  a  slight 
tendency  to  necrotic  change  but^  except  for  these,  the 
tissue  appears  normal.  Bacilli  are  distributed  in  all 
part:s  of  the  gland,  including  these  lesions,  but  are  not 
numerous  and  have  not  grown  into  groups  or  colonies. 


Summary. 

There  is  a  general  dissemination  of  bacilli  in  moderate  numbers  but  very  little  tissue  destruction,  and  no 
formation  of  typical  tubercles. 
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(4.) 

VIRUS-A  X. 
Animal  Inoculated— Calf  558. 


Calf  558  was  inoculated  intravenously  with  5  cc.  of 
an  emulsion  of  the  liver  of  Calf  562  (infected  with  the 
virus  A  X),  and  died  45  days  afterwards. 

Lungs. 

The  tissue  is  in  the  same  general  condition  as  the 
lungs  of  Calf  524,  and  the  bacilli  are  quite  as  nu- 
merous ;  but,  in  the  present  specimen  the  general  con- 
gestion is  less  severe  and  the  patches  of  nuclear  debris 
are  smaller. 

Liver. 

In  the  liver,  bacilli,  though  generally  distributed,  are 
relatively  scanty,  a  condition  which  is  in  marked  con- 
trast to  the  enormous  number  of  bacilli  present  in  the 
lungs.  The  histological  changes  are  not  very  pro- 
nounced but  are  identical  with  those  found  in  the  liver 
of  the  preceding  animal.  Calf  546. 


Kidyieys. 

Identical  with  the  kidneys  of  Calf  546. 

Spleen. 

There  are  numerous  imperfectly  defined  areas  which 
are  slightly  caseous  and  contain  many  leucocytes  and 
the  remains  of  these  cells.  In  these  lesions  bacilli  are 
numerous  and  are  commencing  to  form  colonies. 
Apart  from  these  lesions,  bacilli  are  generally  dis- 
tributed, and,  though  less  plentiful  on  the  whole,  have 
occasionally  grown  into  colonies. 

Mediastinal  Gland. 

The  tissue  is  swarming  with  bacilli,  and  though  the 
amount  of  tissue  destruction  is  very  slight  in  many 
places,  there  are  also  fairly  large  tracts  of  caseo- 
necrotic  material 


Summary. 

General  dissemination  ;  abundant  multiplication  of  bacilli  in  the  lungs  and  mediastinal  gland  ;  ba®illi  much 
less  numerous  in  the  liver  ;  a  tendency  to  caseation  in  the  mediastinal  gland  and  spleen. 


(5.) 

VIRUS-A  X. 
Animal  Inoculated.— Calf  560. 


Calf  560  was  inoculated  intravenously  with  9  cc.  of 
an  emulsion  from  the  liver  of  Calf  554  (infected  with 
the  virus  A  X),  and  died  40  days  afterwards. 

Lungs. 

The  specimen  of  lung  shows  a  generalised  and 
nearly  complete  consolidation.  The  condition  is  un- 
like that  produced  in  tubercular  pneumonia  and  is 
characterised  by  the  presence  of  extremely  large 
numbers  of  multinuclear  leucocytes,  the  occlusion  of 
the  alveoli  being  mainly  due  to  these  cells.  Bacilli  are 
abundant  all  over  the  tissue,  and  have  often  grown 
into  solid  colonies  and  rosettes.  Bacilli  are  found  in 
a  moderate  number  of  the  leucocytes,  but  the  majority 
of  these  cells  seem  indifEerent  to  the  bacOli. 

Liver. 

The  condition  is  the  same  as  in  the  liver  of  Calf  544. 


Kidneys. 

Identical  with  the  kidneys  of  Calf  544. 


Spleen. 

Bacilli  are  plentiful  all  over  the  specimen  and  here 
and  there  have  grown  into  colonies.  There  is  very 
little  indication  of  caseation  or  tissue  destruction,  but 
occasionally  there  is  a  tendency  to  cell  fusions  and 
partial  formation  of  giant  cells. 


Popliteal  Gland. 

Numerous  bacilli  are  distributed  about  the  gland,  but 
have  not  produced  caseation  or  other  definite  lesions. 


Summary. 

General  dissemination  and  multiplication  of  bacilli ;  no  lesions  typical  of  tuberculosis. 


(6.) 
VIRUS-A  X. 
Animal  Inoculated— Calf  564. 


Calf  564  was  inoculated  intravenously  with  9  cc.  of  an 
emulsion  derived  from  the  liver  of  Calf  560,  and  died 
45  days  afterwards. 

Lungs. 

The  lungs  are  highly  congested,  but  tnere  is  no 
breaking  down  of  tissue  and  no  tubercle  formation. 
Bacilli  are  swarming  all  over  the  specimen,  and  are 


very  frequent  in  the  blood-vessels  ;  they  have  grown 
into  small  colonies  but  do  not  form  definite  rosettes. 

Liver. 

Bacilli  are  distributed  abundantly  throughout  the 
tissue  and  have  frequently  grown  into  small  colonies. 
They  have  produced  lesions  characterised  by  a  pariial 
breaking  down  of  the  liver  cells  and  an  invasion  of 
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lymphocytes  and  leucocytes.  The  interior  of  liver 
cells  appears  to  be  the  most  favourable  situation  for 
the  growth  of  bacilli.  Many  bacilli  are  found  -within 
blood-vessels. 

Kidneys. 

Bacilli  are  numerous,  though  less  abundant  than  in 
the  lungs  or  liver,  and  are  associated  with  a  cellular 
infiltration  consisting  chiefly  of  lymphocytes  and 
plasma  cells.  There  is  no  breaking  down  of  tissue. 
Some  bacilli  are  present  in  the  blood-vessels. 


Spleen. 

Bacilli  are  very  abundant  and  have  grown  into 
colonies.  There  is  very  little  tissue  destruction,  but  a 
few  slightly  caseous  patches  have  been  observed. 

Mediastinal  Gland. 

The  gland  is  swarming  with  bacilli,  which  have 
frequently  grown  into  colonies.  There  are  many 
slightly  caseous  patches  and  several  giant  cells. 


Summary. 

General  dissemination  and  enormous  multiplication  of  bacilli.   Tery  little  tissue  destruction 


(7.) 
VIRUS— A  X. 
Animal  Inoculated.— Calf  566. 


Calf  566  was  inoculated  intravenously  with  5  cc.  of 
an  emulsion  of  the  tissues  of  Calf  558,  and  was  killed, 
when  ill,  4.3  days  afterwards. 

Lungs. 

The  specimen  is  solid  and  is  packed  with  leucocytes. 
No  tubercle  bacilli  are  present. 


Liver,  Kidneys,  and  Spleen. 
Neither  tubercle  bacilli  nor  lesions  suggestive  of 
tuberculosis  have  been  found. 

Cervical  Gland. 
The  gland  is  extensively  caseous  and  contains  large 
numbers  of  bacilli,  but  these  have  not  grown  into 
colonies  or  rosettes.    Some  of  the  bacilli  are  contained 
within  leucocytes. 


Summary. 

No  evidence  of  bacilli  except  in  the  cervical  gland;  death  apparently  due  to  pneumonia. 


(8.) 
VIRUS-A  X. 
Animal  Inoculated— Calf  570. 


Calf  570  was  inoculated  intravenously  with  5  cc.  of  Kidneys. 

an  emulsion  of  the  liver  of  Calf  564,  and  died  31  days  „  .„ 

afterwards.  Bacilli  are  very  scanty.    There  are  a  few  patches  of 

interstitial  cellular  infiltration. 

Lunys  and  Liver. 

The  lungs  and  liver  are  in  the  same  condition  as  Spleen. 

the  corresponding  organs  of  Calf  564.  Similar  to  the  spleen  of  Calf  564. 

Summary. 

Similar  to  Calf  564,  but  fewer  bacilli  in  the  kidneys. 


(6)  Subcutaneous  Inoculations. 
(1.) 

VIRUS-P  III. 
Animal  Inoculated.— Calf  318. 


Calf  318  was  inoculated  subcutaneously  with  50  mg.  Mesenteric  Gland. 

of  culture  of  P  III  (a  porcine  virus  with  avian  charac-  There  are  one  or  two  minute  caseous  foci.  One 
ters),  and  was  killed  95  days  afterwards.  bacillus  has  been  found. 

Prescapular  Gland. 

J         J .  There  are  very  extensive  caseo-calcareous  lesions, 

l.unys,  Liver,  Kidneys,  and  Cceliac  Gland.  Surrounding  these  there  is  a  broad  layer  of  fibroblasts. 

■•T  ,   .  ,    .„.  Some  imperfectly  formed   giant   cells  are  present. 

JNo  lesions  or  bacilh  have  been  found.  Tubercle  bacilli  are  scanty. 

Summary, 

The  infection  appears  to  have  been  almost  completely  limited  to  the  nearest  glands. 
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(2.) 

VIRUS-P  XXI. 
Animal  Inoculated.— Calf  418. 


Calf  412  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  P  XXI  (a  porcine  virus  with  avian 
characters),  and  was  killed  99  days  afterwards. 

Lungs. 

Two  pieces  of  tissue  have  been  examined  but  no 
tubercles  or  tubercle  bacilli  have  been  found. 

Liver, 

In  one  specimen  no  lesions  or  bacilli  are  present. 
In  another  specimen  there  are  three  or  four  small 


foci  which  are  in  more  or  less  advanced  stages  of 
caseation  and  are  surrounded  by  fibroblasts  ;  in  two 
of  these,  one  or  two  bacilli  are  present. 

Kidneys. 

In  the  two  specimens  examined  no  lesions  or  bacilli 
have  been  found. 

Portal  Gland. 

There  are  numerous  caseous  areas.  In  some  of 
these  tubercle  bacilli  are  scanty  ;  in  others  they  are 
abundant.    Giant  cells  are  numerous. 


Summary. 

No  lesions  have  been  found  in  the  lungs  or  kidneys.  The  liver  contains  some  small  tubercles,  of  a  chronic 
type,  containing  very  few  bacilli.  In  a  portal  gland  there  are  several  caseous  areas,  and  in  some  of  these 
bacilli  are  numerous. 


(3.) 

vmus-A  II. 

Animal  Inoculated.— Calf  432. 


Calf  432  was  inoculated  subcutaneously  with 
50  mg.  of  culture  of  A  II,  and  was  killed  101  days 
afterwards. 


Lungs. 

In  one  specimen  no  lesions  or  bacilli  are  present. 
In  a  second  specimen  there  is  a  caseous  focus  about 
the  area  of  the  microscopic  field  (low  power)  in  which 
one  bacillus  has  been  found. 


Liver  and  Kidneys. 

There  are  some  small,  doubtful  foci  in  which  no 
bacilli  have  been  found. 

Prescapular  Gland. 

Most  of  the  normal  tissue  is  replaced  by  caseous 
areas  which  show  a  tendency  to  calcification,  and  are 
surrounded  by  broad  fibrous  zones  where  the  transi- 
tion of  plasma  cells  into  fibroblasts  is  well  marked. 
Bacilli  are  present  in  the  lesions  in  small  numbers. 


Summary. 

There  has  been  some  dissemination,  but  the  lesions  contain  few  bacilli  and  are  in  a  markedly 
retrogressive  condition. 


General  Results. 


I.  Intravenous  Inoculations. 
This  method  of  inoculation  produces  rapidly  fatal 
infection  in  young  calves.  It  is  associated  with  general 
dissemination  and  very  abundant  multiplication  of 
the  bacilli ;  but  there  is  relatively  little  tissue  destruc- 
tion and  there  is  an  absence  of  tubercle  formation; 
These  results  offer  an  interesting  resemblance  to  the 
condition  found  in  young  calves  which  have  rapidly 
succumbed  to  the  intravenous  inoculation  of  strains  of 
mammalian  bacilli  possessing  low  virulence  for  the 
bovine  when  inoculated  subcutaneously.  But  the 
avian  bacilli  multiply  even  more  profusely,  and  often 
grow  into  the  solid  colonies  and  rosettes  which  are 
characteristic  of  this  bacillus.  In  one  exceptional  case, 
Calf  566,  no  tubercle  bacilli  were  found  in  most  of  the 
tissues  examined  ;  death  appears  to  have  been  due  to 
pneumonia. 

Apart  from  other  toxic  effects  which  may  have  been 
associated  with  the  profuse  growth  and  dissemination 
of  the  avian  bacilli,  the  anatomical  condition  of  the 
lungs  seems  to  have  been  sufficient  to  account  for 
death.  To  the  naked  eye  the  specimens  presented 
extreme  oedema  with  patches  of  complete  consoli- 
dation, some  in  the  red  and  some  in  the  grey  stage. 
These  grey  patches  were  sometimes  surrounded  by 


areas  in  the  red  stage,  but,  as  my  microscopic  examina- 
tions show,  they  were  not  caseous  tubercles. 

Though  the  total  amount  of  gross  tissue  destruction 
was  small,  as  compared  with  the  acute  disease  pro- 
duced by  highly  virulent  mammalian  bacilli  after 
subcutaneous  inoculation  of  a  large  dose,  microscopic 
examination  showed,  particularly  in  the  liver,  that  the 
tissue  cells  were  not  left  in  a  normal  condition.  The 
livers  of  Calves  524  and  544,  for  example,  when 
stained  appropriately,  showed  extensive  damage  to  the 
parenchymatous  cells. 

II.  Subcutaneous  Inoculations. 

The  subcutaneous  inoculation  of  50  mg.  of  culture 
has  failed  to  produce  more  than  a  mild  degree  of 
general  dissemination,  and  in  some  cases  the  disease 
appears  to  have  been  almost  limited  to  the  nearest 
glands.  The  disseminated  lesions  which  have  been 
found  are  usually  of  a  definitely  retrogressive  character, 
and  bacilli,  when  present  in  them,  are  rarely  numerous. 
Caseation  and  giant  cell  formation  are  not  uncommon, 
and  the  general  structure  of  some  of  the  lesions  is 
indistinguishable  from  that  of  chronic  tubercles  pro- 
duced by  mr.mmalian  bacilli. 
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III.-LESIONS  IN  RABBITS. 

(a)  Intravenous  Inoculations. 

(1.) 
VIRUS-P  II. 
Animal  Inoculated— Rabbit  1538. 


Rabbit  1538  was  inoculated  intravenously  with 
50  mg.  of  culture  of  P  II  (a  porcine  virus  with  avian 
characters),  heated  at  70°  for  30  minutes,  and  was 
killed  36  days  afterwards. 

Lungs. 

The  tissue  is  considerably  congested,  but  there  are 
no  lesions  suggestive  of  tuberculosis,  and  only  two 
tubercle  bacilli  have  been  found. 

Liver. 

There  are  a  few  giant  cells  and  other  minute, 


suspicious  foci.  Two  tubercle  bacilli  have  been 
found. 

Kidneys. 

Neither  lesions  nor  bacilli  have  been  found. 


SiJleen. 

Single  bacilli  have  been  found  in  several  places,  but 
the  total  number  ia  small ;  they  have  produced  very 
little  tissue  disturbance. 


Summary. 

The  bacilli  have  nearly  all  disappeared  ;  no  definite  lesions  typical  of  tuberculosis  have  been  produced. 


(2.) 
VIRUS-P  II. 
Animal  Inoeulated.— Rabbit  1539, 


Eabbit  1539  was  inoculated  intravenously  with 
50  mg.  of  a  broth  culture,  killed  by  heating  at  100°, 
of  P  II  (a  porcine  virus  with  avian  characters),  and 
was  killed  36  days  afterwards. 

Lzmgs. 

There  is  some  general  thickening  of  the  alveolar 
walls  and  several  small  patches  of  consolidation  are 
present  which  are  slightly  caseous  in  the  centre. 
These  lesions  are  infiltrated  with  leucocytes  and  show 
a  peripheral  zone  of  lymphocytes  and  plasma  cells  ; 
they  present  the  general  appearance  of  chronic  lesions 
produced  by  mammalian  bacilli.  Bacilli  are  scattered 
about  in  these  lesions  in  small  numbers  and  also  occur 
singly  in  other  parts  of  the  specimen.  No  bacilli 
have  been  found  within  leucocytes,  nor  within  blood- 
vessels. 


Lioer. 

A  few  bacilli  are  present  and  have  produced  minute 
lesions,  consisting  of  partial  swelling  up  and  disinte- 
gration of  the  liver  cells  and  endothelial  cells  in 
contact  with  the  bacilli,  together  with  the  accession 
of  two  or  three  lymphocytes  and  leucocytes.  No 
bacilli  have  been  found  within  blood-vessels. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

Bacilli  are  scattered  about  the  specimen  in  small 
numbers.  Many  of  them  are  not  associated  with  any 
lesions,  but  a  few  are  within,  or  near  to,  small  multi- 
nucleate foci  which  are  hardly  large  enough  to  be 
called  giant  cells. 


Summary. 

Numerous  small,  slightly  caseous  lesions  in  the  lungs,  indistinguishable  from  lesions  produced  by 
mammalian  bacilli.    Very  little  tissue  change  in  liver  or  spleen. 


(3.) 
VIRUS-P  II. 
Animal  Inoculated— Rabbit  1540. 


Rabbit  1540  was  inoculated  intravenously  with 
10  mg.  of  culture  of  P  II  (a  porcine  virus  with  avian 
characters),  killed  by  steaming  at  100°  for  30  minutes, 
and  was  killed  36  days  afterwards. 

Lungs. 

The  tissue  is  congested  and  there  are  a  few  suspicious 
foci,  but  these  are  not  definite  enough  to  be  called 
tubercles.    No  bacilli  have  been  found. 


Liver. 

There  are  no  lesions  large  enough  to  be  called 
tubercles,  but  single  giant  cells  occur  frequently  ;  in 
a  few  of  these,  one  or  two  bacilli  are  present. 

Kidneys. 

Neither  lesions  nor  bacilli  have  been  found. 
Spleen. 

A  few  minute  lesions.    Bacilli  very  rare. 


Summary. 

The  bacilli  have  nearly  all  disappeared,  and  have  only  produced  small  foci  of  irritation,  not  definite  enough 
to  be  called  tubercles. 
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(4.) 

VIRUS-P  XXI. 
Animal  Inoculated.— Rabbit  880. 


Rabbit  880  was  inoculated  intravenously  with 
•001  mg.  of  culture  of  P  XXI  (a  porcine  virus  with 
avian  characters),  and  was  killed  140  days  afterwards. 

Lungs. 

The  lungs  contain  fairly  large  nodules,  which  are 
in  an  advanced  stage  of  caseation  and  are  surrounded 
by  a  layer  of  plasma  cells  and  lymphocytes.  Internal 
to  this  layer  there  is  a  zone  of  epithelioid  cells  resem- 
bling embryonic  alveolar  epithelium,  and  amongst 
these  there  is  a  sprinkling  of  oxyphil  leucocytes.  In 
the  caseous  material  bacilli  are  sometimes  abundant, 
and  are  often  long  and  irregularly  stained,  but  in  the 
peripheral  portions  of  the  nodules  bacilli  are  scanty. 

Liver. 

Both  within  and  between  the  lobules,  foci  are  pre- 
sent which  are  in  various  stages  of  caseation,  and  in 
some  of  these  a  few  tubercle  bacilli  are  present. 


Plasma  cells  are  very  conspicuous  both  at  the  peri- 
phery of  these  foci  and  in  the  interlobular  tissue. 

Kidneys. 

There  are  several  large  caseous  tubercles,  and  also 
smaller  lesions,  which  are  commencing  to  caseate.  At 
the  periphery  of  the  lesions  there  are  dense  masses  of 
plasma  cells,  and  in  their  interior  are  numerous 
oxyphil  leucocytes.  Tubercle  bacilli  are  fairly 
numerous  in  the  caseous  areas,  and  are  frequently 
long  and  curved  ;  in  the  cellular  portions  of  the 
lesions  they  are  much  less  frequent  and  are  usually 
short  and  straight. 

Spleen. 

The  spleen  contains  fairly  large  caseous  lesions. 
Both  in  these  situations  and  throughout  the  rest  of 
the  tissue  bacilli  are  scattered  in  moderately  large 
numbers.    Leucocytes  are  very  abundant. 


Summary. 

Disseminated  tuberculosis  of  a  chronic  type. 


(5.) 

vmus-p  XXVII. 

Animal  Inoculated.— Rabbit  775. 


Rabbit  775  was  inoculated  intravenously  with  1  mg. 
of  culture  of  P  XXVII  (a  porcine  virus  with  avian 
characters),  and  died  25  days  afterwards. 

Lungs. 

The  tissue  is  in  a  semi-solid  condition,  consisting  of 
innumerable  consolidated  foci  interspersed  between 
greatly  thickened  alveolar  walls.  The  general  con- 
dition resembles,  in  many  respects,  that  produced  by 
intravenous  inoculation  with  virulent  mammalian 
bacilli,  but  under  the  latter  condition  there  would 
have  been  more  complete  consolidation  and  more 
extensive  caseation.  Bacilli  have  not  grown  into 
colonies  but  are  numerous  in  all  situations  and  are 
frequent  within  blood-vessels,  where  they  are  generally 
attached  to,  or  within,  detached  endothelial  cells. 
The  bacilli  have  not  produced  rosette  formations. 

Liver. 

The  tissue  is  swarming  with  bacilli,  which  have 
produced  the  characteristic  rosette  formations.  A 


special  feature  of  the  section  is  the  large  number  of 
multinucleated  cells  which  contain  a  broad  peripheral 
ring  of  bacilli  surrounding  a  centrally  placed  mass  of 
nuclei. 

Kidneys. 

There  are  no  noticeable  lesions,  and  bacilli  are  scanty, 
but  small  groups  of  them  are  present  within  a  few  of 
the  glomeruli. 

Spleen. 

The  tissue  is  swarming  with  bacilli  which  have 
grown  everywhere  into  colonies  and  rosettes.  Giant 
cells  with  central  aggregations  of  nuclei  are  numerous 
and  conspicuous.  Leucocytes  are  not  very  numerous ; 
a  few  of  them  contain  small  clumps  of  bacilli. 

Mesenteric  Gland. 

Bacilli  are  distributed  throughout  the  gland  and  in 
some  places  have  grown  into  rosettes.  There  are 
patches  of  slight  caseation  and  a  few  giant  cells. 


Summary. 
Typical  avian  tuberculosis  in  the  rabbit. 


(60 
VIRUS-A  X. 
Animal  Inoculated.— Rabbit  1791. 


Rabbit  1791  was  inoculated  intravenously  with  1  mg. 
of  culture  of  A  X,  and  died  18  days  afterwards. 

Lungs. 

The  tissue  is  greatly  congested  and  there  is  an 


abundant  infiltration,  in  which  lymphocytes  greatly 
preponderate  over  leucocytes.  There  are  no  definitely 
caseous  or  tubercular  lesions,  but  bacilli  are  scattered 
about  all  parts  of  the  tissue,  and  in  many  places  hava 
grown  into  small  groups.  No  bacilli  have  been  found 
within  leucocytes. 
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Liver. 

Bacilli  are  abundant  all  over  the  specimen,  and  have 
formed  typical  rosettes.  The  bacilli  show  a  marked 
tendency  to  grow  within  the  parenchymatous  cells, 
and  there  is  a  general  infiltration  with  lymphocytes 
and  leucocytes.  A  small  proportion  of  the  leucocytes 
are  phagocytic. 

Kidneys. 

Bacilli  are  distributed  singly  and  in  small  groups 
throughout  the  specimen.  There  is  an  infiltration  of 
lymphocytes  and  a  smaller  number  of  leucocytes,  but 
these  cells  are  not  closely  associated  with  the  bacilli. 


Spleen. 

Bacilli  are  very  abundant ;  they  have  grown  into 
rosettes  and  colonies,  and  have  produced  diffuse  areas 
of  partial  necrosis.  There  is  only  slight  evidence  of 
leucocytic  phagocytosis. 


Bronchial  Gland. 

Bacilli  are  scattered  throughout  the  gland  in  fairly 
large  numbers  aad  in  somd  places  have  grown  into 
colonies  and  rosettes.  There  is  very  little  tissue 
destruction. 


Summary. 

General  dissemination  and  abundant  multiplication  of  bacilli,  with  relatively  little  tissue  destruction. 


(&)  Feeding  Experiments. 
(1.) 

vmus-p  XXI. 

Animal  Fed.— Eabbit  1092. 


Babbit  1092  was  fed  once  with  20  mg.  of  culture  of 
P  XXI  (a  porcine  virus  with  avian  characters),  and 
died  195  days  afterwards. 

Lungs. 

There  are  a  few  small  foci  which  consist  of 
aggregations  of  leucocytes  and  lymphocytes  and 
contain  an  occasional  tubercle  bacillus. 

Liver. 

A  few  caseous  foci,  surrounded  by  a  broad  zone  of 


fibroblast^  are  present.  There  are  also  several  rather 
smaller  lesions  which  are  only  partially  caseous,  are 
infiltrated  with  lymphocytes  and  leucocytes,  and  exhibit 
no  peripheral  zone  of  fibroblasts.  Bacilli  are  present 
in  some  of  the  lesions  but  are  rare. 

Kidneys. 

A  few  caseous  lesions  are  present.  These  are  sur- 
rounded by  large  groups  of  lymphocytes  aad  leucocytes 
and  contain  fairly  numerous  bacilli. 


Summary. 

The  bacilli  have  become  disseminated  in  small  numbers  and  have  produced  lesions  which  are  not  of  an 
acute  type. 


(2.) 

VIRUS-P  XLIV. 
Animal  Fed.— Eabbit  1180. 


Rabbit  1180  was  fed  once  with  10  mg.  of  culture 
of  P  XLIV  (a  porcine  virus  with  avian  characters),  and 
died  323  days  afterwards. 

Lungs. 

The  lungs  contain  many  small  lesions  which  are 
centrally  caseous  and  resemble  lesions  found  in  mild 
cases  of  infection  with  mammalian  bacilli.  Giant 
cells  are  found  at  the  periphery  of  some  of  the  lesions. 
Bacilli  are  present  but  scanty. 


Liver. 

There  are  several  small,  slightly  caseous  tubercles, 
but  no  bacilli  have  been  found  in  them. 

Kidneys. 

In  the  specimen  examined  there  is  a  circumscribed, 
caseous  tubercle.  Several  bacilli  are  present  in  the 
caseous  material,  and  a  few  also  occur  in  the  cellular 
periphery. 


Summary. 

Some  dissemination  has  occurred,  and  chronic  lesions  of  a  mild  type  have  been  produced.  Bacilli  are 
scanty.    The  lesions  cannot  be  distinguished  fi'om  lesions  produced  by  mammalian  bacilli. 
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(3.) 

VIRUSES-A  I  and  A  VIL 
Animals  Fed —Rabbits  1090  and  1282. 


Rabbit  1090  was  fed  with  1  mg.  of  A  I,  and  was 
killed  163  days  afterwards.  Rabbit  1282  was  fed 
with  10  mg.  of  A  VII,  and  was  killed  91  days  after- 
wards. 

There  is  very  little  evidence  of  infection  in  these 
animals.    In  Rabbit  1090  neither  lesions  nor  bacilli 


have  been  found  in  the  specimens  of  lungs,  liver, 
kidneys,  and  a  mesenteric  gland.  In  Rabbit  1282  no 
evidence  of  infection  has  been  found  in  the  lungs, 
kidneys,  or  spleen  ;  one  bacillus  has  been  found  in 
the  liver,  and  a  few  bacilli  are  present  in  the  walls  of 
the  small  intestine. 


Summary. 

Almost  complete  resistance  to  infection. 


(c)  Subcutaneous  Inoculations. 

(1.) 
VIRUS-P  II. 
Animal  Inoculated— Rabbit  326. 


Rabbit  326  was  inoculated  subcutaneously  with 
5  mg.  of  culture  of  P  II  (a  porcine  virus  with  avian 
characters),  and  died  69  days  afterwards. 

Lungs. 

The  lungs  are  congested  and  contain  numerous 
small  consolidated  foci  which  have  no  definite 
boundary  zone  but  are  filled  with  leucocytes 
and  lymphocytes.  They  are  not  surrounded  by 
fibroblasts,  nor  do  they  contain  any  giant  cells. 
Oxyphil  leucocytes  are  numerous  not  only  in  these 
areas,  but  also  in  the  rest  of  the  tissue,  A  few  of  the 
foci  are  slightly  caseous  in  the  centre.  No  fibrin  is 
present,  nor  have  any  typical  plasma  cells  been  found. 

Tubercle  bacilli  are  present  in  the  areas  referred  to 
but  are  rare,  and  only  occur  singly. 

Liver. 

As  in  the  lungs,  small  lesions  are  distributed 
abundantly  throughout  the  tissue  and  are  character- 
ised by  the  presence  of  numerous  leucocytes  and 
lymphocytes  and  the  absence  of  fibroblasts  and  giant 
cells.  Some  of  the  foci  are  centrally  caseous,  and  in 
some  the  capillary  walls  have  broken  down  and  there 
are  small  extravasations  of  blood  corpuscles.  In  some 
of  these  last  situations  a  scanty  deposit  of  early 


fibrin  is  found.  Tubercle  bacilli  are  present  in  the 
lesions  but  are  rare. 

Kidneys. 

In  the  kidneys  lesions  are  fairly  numerous,  and 
some  of  them  are  extensively  caseous.  The  cells 
infiltrating  and  forming  the  boundary  layer  of  these 
areas  are  mainly  lymphocytes,  though  a  relatively 
small  number  of  leucocytes  is  also  present.  Bacilli 
are  more  numerous  than  in  either  the  lungs  or  liver. 
They  are  loosely  scattered  in  all  parts  of  the  lesions, 
both  in  the  caseous  areas  and  in  the  cellular  periphery  ; 
they  have  not  grown  into  clumps. 

Mesenteric  Gland. 

The  gland  contains  extensive,  ramifying,  semi- 
caseous  tracts  which  are  filled  with  the  nuclear 
fragments  of  leucocytes  and  other  cells.  There  is 
an  absence  of  new  connective  tissue  formation  and 
of  giant  cells.  The  number  of  normal  oxyphil 
leucocytes  {i.e.,  with  well-marked  granular  pro- 
toplasm) is  not  large.  Many  of  the  blood-vessels 
contain  deposits  of  fibrin,  but  apart  from  these  situ- 
ations there  is  no  evidence  of  fibrin  formation.  The 
gland  is  swarming  with  bacilli,  which,  in  many 
situations,  have  grown  into  clusters  of  small  colonies. 
Many  of  these  colonies  tend  to  assume  a  rosette  shape. 
The  great  majority  of  the  bacilli  are  very  short, 
straight,  and  uniformly  stained. 


Summary. 

General  dissemination  ;  in  the  lungs,  liver,  and  kidneys  there  is  a  vigorous  reaction  on  the  part  of  the 
leucocytes  and  lymphocytes,  and  bacilli  are  not  abundant  ;  in  the  mesenteric  gland  bacilli  are  very  abundant, 
and  there  is  extensive  tissue  destruction.  The  absence  of  giant  cells  and  of  new  connective  tissue  formation 
is  noteworthy. 


(2.) 

VIRUS-P  11. 
Animal  Inoculated.— Rabbit  1541, 


Rabbit  1541  was  inoculated  subcutaneously  with 
250  mg.  of  dead  broth  culture  of  P  II  (a  porcine  virus 
with  avian  characters),  and  was  killed  36  days 
afterwards. 

Lungs. 

One  small  group  of  bacilli  has  been  found.  There 


are  no  tubercles,  nor  does  the  tissue  afford  any  indica- 
tion that  bacilli  have  reached  the  lungs  in  large 
numbers. 

Liver. 

A  few  bacilli  have  been  found  in  a  blood-vessel. 
There  are  also  a  few  bacilli  which  occur  in  small 
foci  consisting  of  partially  disintegrated  liver  cells  and 
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endothelial  cells  together  with  a  few  lymphocytes  and 
leucocytes. 

Kidneys  and  Spleen. 
No  lesions  or  bacilli  have  been  found. 

Local  Lesion. 

The  centre  of  the  local  lesion  is  caseous  and  contains 


large  numbers  of  bacilli.  At  the  periphery,  where 
bacilli  rarely  occur,  there  is  a  broad  zone  of  fibroblasts, 
lymphocytes,  and  plasma  cells,  separating  the  lesion 
from  the  subjacent  muscle.  Leucocytes  are  abundant, 
particularly  in  the  intermediate  area,  and  one  or  two 
Iiave  been  found  containing  bacilli ;  in  the  caseous 
material  also  a  few  of  the  leucocytes  present  contain 
bacilli. 


Summary. 

There  is  slight  evidence  of  dissemination,  but  the  grsat  bulk  of  the  inoculated  material  does  not  appear  to 
have  escaped  beyond  the  site  of  inoculation. 


(3.) 

YIRUS-P  XXI. 
Animal  Inoculated.— Rabbit  878. 


Rabbit  878  was  inoculated  subcutaneously  with 
1  mg.  of  culture  of  P  XXI  (a  porcine  virus  with  avian 
characters),  and  died  155  days  afterwards. 


Lungs. 

The  lungs  are  in  a  semi-solid  condition,  with  com- 
mencing caseation.    Tubercle  bacilli  are  scanty. 


Kidneys. 

There  are  many  small  areas  of  infiltration.  Bacilli 
are  not  very  numerous. 

Spleen. 

Throughout  the  tissue  bacilli  are  distributed 
in  scanty  numbers.  There  is  no  tissue  destruction 
but  there  are  patches  of  infiltration  with  lymphocytes 
and  plasma  cells. 


Summary. 

Bacilli  are  disseminated  in  scanty  numbers  ;  the  disease  appears  to  have  been  slowly  progressive  in  the  lungs. 


(4.) 

vmus-A  V. 

Animal  Inoculated.— Rabbit  956. 


Rabbit  956  was  inoculated  subcutaneously  with 
10  mg.  of  culture  of  A  V,  and  died  52  days  after- 
wards. 

Lu7igs. 

There  is  some  thickening  of  the  alveolar  walls,  but 
no  bacilli  or  lesions  suggestive  of  tuberculosis  have 
been  found  in  the  specimens  examined. 

Liver. 

Small  tubercles  in  an  early  stage  of  caseation,  con- 
taining giant  cells  and  not  surrounded  by  fibroblasts, 
are  distributed  abundantly  throughout  the  tissue. 
They  resemble  lesions  produced  by  mammalian  bacilli. 


Bacilli  are  present  but  are  scanty  ;  there  are  no  rosette 
formations. 

Kidneys. 

Several  small  lesions  are  present.  The  larger  of 
them  are  centrally  caseous  and  are  infiltrated  with 
leucocytes  and  surrounded  by  a  broad  margin  of 
lymphocytes  and  plasma  cells.  Bacilli  are  scanty  and 
only  occur  singly. 

Bronchial  Gland. 

The  gland  is  extensively  caseous  and  contains 
bacilli  in  lai'ge  numbers.  Only  one  or  two  sugges- 
tions of  a  rosette  formation  have  been  observed. 


Summary, 

Disseminated  tuberculosis,  not  of  an  acute  type.  Tubercles  are  particularly  numerous  in  the  liver. 
Bacilli  are  scanty.    The  lesions  are  indistinguishable  from  tubercles  produced  by  mammahan  bacilli. 


(5.) 

VIRUS-A  V. 
Animal  Inoculated.— Rabbit  957. 


Rabbit  957  was  inoculated  subcutaneously  with 
10  mg.  of  culture  of  A  V,  and  was  killed  168  days 
afterwards. 

Lungs. 

The  tissue  is  congested  and  contains  many  isolated 


foci  which  are  in  a  more  or  less  advanced  stage  of 
caseation.  These  foci  are  all  surrounded  by  a  well 
marked  zone  of  plasma  cells  and  contain  in  their 
interior  numerous  oxyphil  leucocytes.  No  giant  cells 
have  been  found.  Most  of  the  foci  are  small  and 
contain  very  few  bacilli,  but  in  one,  which  is  much 
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larger  than  the  rest  and  is  extensively  necrotic,  bacilli  Kidneys. 
are  very  abundant. 

Liver.  ^  few  suspicious  patches  of  infiltration  have  been 

noted  but  no  definite  tubercles  or  tubercle  bacilli. 

There  are  many  small  patches  characterised  by 
aggregations  of  lymphocytes  and  the  presence  of  Spleen. 
many  imperfectly  formed  giant  cells.    In  a  few  of 

these  situations  one  or  two  bacilli  have  been  found.  No  lesions  or  tubercle  bacilli  have  been  found. 

Summary. 

The  lungs,  which  are  more  severely  affected  than  the  other  tissues  examined,  contain  numerous  caseatinc 
lesions  ;  bacilli,  though  rare  in  most  of  these  foci,  are  very  abundant  in  one  of  the  largest.  ■ 


(c?)  Intraperitoneal  Inoculations. 

(1.) 
VIRUS-P  II. 
Animal  Inoculated.— Rabbit  292. 


Rabbit  292  received  an  intraperitoneal  inoculation 
of  1  mg.  of  culture  of  P  II  (a  porcine  virus  with 
avian  characters),  and  died  22  days  afterwards. 

Lungs. 

The  lungs  are  semi-solid,  irregular  air  spaces 
being  left  between  groups  of  consolidated  alveoli. 
The  process  appears  to  be  due  to  an  infiltration 
and  expansion  of  the  alveolar  walls.  A  few  of 
the  consolidated  foci  are  slightly  necrotic  in  the 
centre,  but  the  majority  of  them  show  no  signs 
of  necrosis.  Oxyphil  leucocytes  are  very  numerous, 
and  the  foci  also  contain  many  lymphocytes  and  a 
fairly  large  sprinkling  of  plasma  cells.  The  lesions 
contain  no  giant  cells  and  are  not  bounded  by  a  fibrous 
zone.  Bacilli  are  abundant  throughout  the  tissue  and 
have  grown  everywhere  into  small  colonies.  The 
bacilli  are  very  small,  many  of  them  being  less  than 
1  ju  in  length. 

Liver. 

In  eosin  and  methylene  blue  and  in  Pappenheim 
specimens  the  tissue  is  riddled  with  pale  areas 
between  which  a  network  of  more  darkly  staining, 
normal  parenchymatous  cells  has  survived.  The 
pale  areas  consist  of  disintegrated  liver  cells  and 
the  cells  belonging  to  the  normal  capillary  channels  ; 
amongst  these  cells  there  is  a  sprinkling  of  oxyphil 
leucocytes  and  an  occasional  plasma  cell.  A  few  of 
the  foci  are  necrotic  in  the  centre,  and  here  nuclear 
fragments  and  oxyphil  granules  belonging  to  the 
leucocytes  are  to  be  found.  The  foci  have  no  peri- 
pheral zone  of  any  sort  and  contain  no  giant  cells. 
Small  groups  of  plasma  cells  are  present  amongst  the 


interlobular  connective  tissue.  All  the  pale  areas 
referred  to  are  found  to  contain  large  numbers  of 
bacilli.  The  bacilli  have  a  marked  tendency  to 
arrange  themselves  in  the  form  of  a  rosette,  with  a 
clear  central  space.  They  are  short  and  straight, 
resembling  those  found  in  the  lungs.  There  is  a 
scanty  deposit  of  fibrin  in  many  of  the  foci  which 
show  signs  of  necrosis. 

Kidneys. 

The  tissue  contains  numerous  small  groups  of 
bacilli,  which  occur  sometimes  in  glomeruli  and  some- 
times in  the  interstitial  tissue.  Surrounding  the 
bacilli  there  are  aggregations  of  leucocytes  and 
lymphocytes,  and  in  one  situation,  immediately 
beneath  the  capsule,  there  is  a  central  area  of 
necrosis. 

Spleen. 

The  spleen  is  crowded  with  groups  of  bacilli,  which 
show  a  marked  tendency  to  assume  the  rosette  form. 
In  several  places  the  bacilli  have  produced  areas  of 
almost  complete  necrosis.  There  is  a  marked 
leucocytosis. 

Mesenteric  Gland. 

The  gland  contains  large  groups  of  bacilli  which 
form  colonies  possessing  the  characteristic  rosette 
appearance,  and  are  arranged  at  the  periphery  of 
completely  necrotic  areas,  in  the  centre  of  which  the 
bacilli  are  fewer,  more  scattered,  and  longer.  There 
is  an  aggregation  .of  oxyphil  leucocytes  external  to 
the  colonies  of  bacilli. 


Summary. 

General  dissemination ;  abundant  multiplication  of  bacilli ;  necrotic  change  in  most  of  the  organs. 


(2.) 
VIRUS-P  11. 
Animal  Inoculated.— Rabbit  294. 


Rabbit  294  received  an  intraperitoneal  inoculation 
with  50  mg.  of  culture  of  P  II  (a  porcine  virus  with 
avian  characters),  and  died  13  days  afterwards. 

Lungs. 

The  alveolar  walls  are  generally  thickened  and  there 
are  many  small  consolidated  patches.  These  areas  are 
only  slightly  necrotic  ;  most  of  them  are  surrounded 
by  a  ring  of  plasma  cells.    Throughout  the  whole  of 


the  tissue  oxyphil  leucocytes  are  very  abundant. 
There  is  no  definite  evidence  of  fibrinous  deposit 
Tubercle  bacilli  are  present  in  all  parts  of  the  tissue 
and  are  numerous  in  the  consolidated  foci.  They  are 
loosely  scattered,  and,  though  evidently  multiplying, 
have  not  grown  into  rosette  formations. 

Liver. 

Bacilli  are  disseminated  copiously  throughout  the 
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tissue  and  have  grown  everywhere  into  colonies  with 
a  characteristic  rosette  formation.  There  are  many 
small  deposits  of  fibrin,  but  these  are  not  definitely 
associated  with  groups  of  bacilli.  Plasma  cells  are 
well  marked  in  the  interstitial  tissue  and  occur 
scantily  within  the  lobules.  In  eosin  and  methylene 
blue  specimen?  it  is  seen  that  the  normally  staining 
liver  parenchyma  has  to  a  large  extent  been  replaced 
by  areas  of  diffuse  infiltration.  In  these  areas  the 
parenchymatous  cells  have  lost  their  eosinophil 
protoplasmic  stain  ;  giant  cells  are  numerous  but 
there  is  no  caseation  ;  oxyphil  leucocytes  occur  every- 
where in  large  numbers.  The  nuclei  of  many  of  the 
giant  cells  form  a  well  marked  ring,  and  many  of  the 
nuclei  contain  a  large  nucleolus  which  takes  the  eosin 
stain  intensely.  Comparing  this  specimen  with  the 
carbol-fuchsin  specimen,  it  is  found  that  the  ring  of 
nuclei  in  the  giant  cells  generally  corresponds  in 
position  to  the  periphery  of  a  colony  of  bacilli.  In 
the  central  clear  space  of  the  colonies  which  show  a 
rosette  formation,  cell  nuclei  are  generally  absent. 


It  seems  clear  from  these  specimens  that  the  character- 
istic formation  of  these  colonies  is  not  due  to  a  process 
of  growth  round  a  cell  nucleus. 

Kidneys. 

A  few  minute  groups  of  bacilli  are  present.  Some 
of  these  occur  within  glomeruli.  No  histological 
changes  have  been  found. 

Spleen. 

As  in  the  liver,  bacilli  are  abundant  in  all  parts  of 
the  specimen  and  have  grown  into  colonies  and 
rosettes  ;  there  is  a  tendency  to  giant  cell  formation. 

Mesenteric  Gland. 

There  are  large  caseous  areas  which  contain  very 
numerous  bacilli.  The  rosette  formation  of  the 
colonies  is  well  marked. 


Summary 

In  the  liver  and  mesenteric  glands  the  bacilli  have  multiplied  very  abundantly  and  have  caused  advanced 
tissue  changes.  The  lungs  are  also  severely  affected,  though  less  severely  than  the  liver.  Very  few  bacilli,  and 
no  tissue  changes,  have  been  found  in  the  kidney. 


(3.) 

VIRUS-P  XLIV. 
Animal  Inoculated.— Rabbit  1183. 


Rabbit  1183  received  an  intraperitoneal  inoculation 
with  1  mg.  of  culture  of  P  XLIV  (a  porcine  virus 
with  avian  characters),  and  died  37  days  afterwards. 

Lungs. 

Many  of  the  alveolar  walls  are  slightly  thickened 
and  contain  numerous  oxyphil  leucocytes.  There 
are  also  many  smalt  consolidated  foci  which  are 
not  caseous  and  have  not  the  structure  of  definite 
tubercles,  but  consist  of  irregular  groups  of  swollen 
epithelial  and  endothelial  cells  infiltrated  with  leuco- 
cytes, lymphocytes,  and  a  few  plasma  cells.  Tubercle 
bacilli  are  present  in  moderate  numbers  both  in  these 
foci  and  in  many  parts  of  the  thickened  alveolar 
walls.    No  fibrin  is  present. 

Liver. 

The  tissue  is  riddled    with  enormous  numbers 


of  bacilli  which  have  grown  everywhere  into  typical 
rosette  formations.  They  have  produced  partial 
obliteration  of  the  parenchymatous  cells  and  many 
areas  of  slight  necrosis,  but  have  not  led  to  the 
formation  of  tubercles. 

Kidneys. 

Bacilli  occur  in  many  parts  of  the  interstitial 
tissue  and  occasionally  within  glomeruli.  T.hey 
are  much  less  abundant  than  in  the  liver.  No  tubercles 
are  present,  but  there  is  a  patchy  infiltration  of  lympho- 
cytes and  plasma  cells. 

Mesenteric  Gland. 

Bacilli  are  abundant  and  have  often  formed  rosettes 
There  are  many  areas  of  early  caseation. 


Summary. 

General  dissemination  with  particularly  severe  incidence  on  the  liver. 


General  Results. 


(1)  Intravenous  Lioculation. — When  dead  Imcilli  are 
inoculated,  even  in  so  large  a  dose  as  .50  mg.,  the 
bacilli  are  rapidly  eliminated.  Traces  of  their  presence 
may  be  found  in  small  foci  of  irritation,  more  particu- 
larly in  the  lungs,  where  there  may  be  produced  small, 
slightly  caseous  lesions  indistinguishable  from  lesions 
produced  by  mammalian  bacilli.  The  inoculation  of  a 
very  small  dose  of  living  bacilli  caused  disseminated 
tuberculosis  of  a  chronic  and  relatively  mild  type,  the 
lesions  being  discrete,  circumscribed,  and  centrally 
caseous.  When  a  larger  dose,  e.g.  1  mg.,  is  inoculated, 
rapidly  fatal  disease  is  produced  ;  the  bacilli  become 
disseminated  throughout  the  body  and  grow  very 
abundantly,  forming  numerous  colonies  and  rosettes  ; 
the  amount  of  tissus  destruction  is  relatively  slight, 
though  severe  irritant  effects  may  be  observed  in  the 


lungs  ;  the  bacilli  show  a  marked  tendency  to  intra- 
cellular growth,  and  though  they  lead  to  the  formation 
of  giant  cells,  tubercles  of  the  discrete,  caseous  type 
are  rare. 

(2)  Feeding. — This  is  a  much  less  severe  mode  of 
infection.  Disseminated  lesions  may  be  found,  but 
they  are  small  and  of  the  chronic,  caseous  type. 

(3)  Subcutaneous  Inoculation. — Disseminated  caseous 
tubercles  are  frequently  produced.  They  usually  con- 
tain relatively  few  bacilli,  but  may  be  extensive  and 
progressive. 

(4)  Intraperitoneal  Inoculation.  —  This  method  of 
infection  causes  general  dissemination  and  abundant 
multiplication  of  bacilli,  and  its  effects  are  comparable 
to  those  produced  by  intravenous  inoculation. 
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IV.— LESIONS  IN  MONKEYS. 

(a)    SCBCDTANHOUS  INOCULATION. 

VIRUS-P  II. 
Animal  Inoculated.— Monkey  118. 


Monkey  118  was  inoculated  subcutaneously  with 
10  mg.  of  culture  of  P  II  (a  porcine  virus  with 
avian  characters),  and  was  killed  97  days  afterwards. 

Lmigs. 

One  specimen  is  completely  consolidated  and 
almost  wholly  necrotic  ;  it  contains  a  considerable 
amount  of  fibrin,  both  old  and  recent.  In  another 
specimen,  though  the  majority  of  the  alveoli  are 
still  patent,  the  tissue  as  a  whole  is  congested  and 
there  are  several  tubercles  which  are  filled  with  masses 
of  multinuclear  leucocytes.  Throughout  the  first  speci- 
men and  in  the  tubercles  present  in  the  second 
specimen  bacilli  are  very  numerous  ;  they  have  not 
grown  into  solid  clumps,  nor  assumed  a  rosette 
formation. 


Liver. 

There  are  numerous  semi-necrotic,  miliary  tubercles 
which  contain  fibrin  and  possess  no  demarcation  zone. 
Some  of  them  are  crowded  with  multinuclear  leuco- 
cytes and  fragments  of  these  cells.  Bacilli  are 
numerous  in  the  tubercles  and  are  distributed  loosely, 
as  in  the  lungs. 

Kidneys. 

Large,  necrotic  tubercles  are  present,  and  there  is 
some  fibrinous  deposit.    Bacilli  are  abundant. 

Portal  Gland. 
Extensively  caseous  ;  bacilli  abundant. 


Sdmmary. 

Acute  disseminated  tuberculosis,  identical  with  the  disease  produced  by  virulent  mammalian  bacilli.* 


(6)  Intravenous  Inoculations. 
(1.) 

VIRUS-P  XXI. 
Animal  Inoculated.— Monkey  154. 


Monkey  154  was  inoculated  intravenously  with 
1  mg.  of  culture  of  P  XXI  (a  porcine  virus  with 
avian  characters),  and  died  34  days  afterwards. 

Limgs. 

There  is  same  slight  thickening  of  the  alveolar  walls, 
and  there  are  a  few  small  consolidated  patches  which 
are  slightly  caseous  in  the  centre  and  are  surrounded 
by  leucocytes  and  lymphosytes  at  their  periphery.  A 
few  bacilli  are  present  in  these  areas. 

Liver. 

There  is  a  general  infiltration  with  lymphocytes 
and  leucocytes,  which  is  particularly  well  marked  in 


the  interlobular  tissue  and  surrounding  the  blood- 
vessels, both  portal  and  hepatic.  The  liver  paren- 
chyma is  crowded  with  small,  irregular  areas,  where 
the  liver  cells  stain  badly  and  are  infiltrated  with 
lymphocytes  and  leucocytes.  These  areas  are  not 
definitely  caseous  and  do  not  contain  giant  cells.  In 
some  of  these  areas  tubercle  bacilli  are  present,  but 
only  in  scanty  numbers.  Owing  to  the  general 
scarcity  of  the  tubercle  bacilli,  it  is  difficult  to  say 
whether  the  condition  of  the  liver  is  entirely  due  to 
these  organisms. 

Kidneys. 

No  tubercle  bacilli  or  lesions  suggestive  of  tuber- 
culosis have  been  found. 


Summary. 

The  lungs  contain  a  few  consolidated  patches  in  which  bacilli  are  present  in  scanty  numbers, 
also  contains  small  lesions  in  which  bacilli  are  found. 


The  liver 


(2.) 
VIRUS-A  I. 
Animal  Inoculated.— Monkey  160. 


Monkey  160  was  inoculated  intravenously  with 
10  mg.  of  culture  of  A  I,  and  died  19  days  afterwards. 

Lungs. 

The  tissue  is  congested  and  the  alveolar  walls  are 
much  thickened,  but  there  are  no  lesions  suggestive  of 
tuberculosis.  Bacilli  are  present,  but  are  very  scanty  ; 
they  have  produced  no  definite  tissue  reaction. 


Liver. 

The  tissue  consists  of  a  network  of  intact  liver  cells 
enclosing  areas  where  the  parenchymatous  cells  are 
not  obliterated,  but  have  lost  their  protoplasmic  stain 
and  are  infiltrated  with  lymphocytes  and  a  smaller 
number  of  leucocytes.  These  areas  have  not  the 
appearance  of  tubercles,  and  do  not  contain  giant  cells 
or  fibrin.  They  contain  bacilli  in  large  numbers,  and 
in  a  few  instances  the  bacilli  have  grown  into  the 


*  This  result  is  exceptional ;  other  monkeys  proved  resistant  to  subcutaneous  inoculation,  and  did  not  yield  material 
useful  for  microscopic  examination. 
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form  of  a  rosette.  The  bacilli  are  notably  short  and 
straight  ('5  to  2  or  2'5ju). 

Kidneys. 

There  is  a  slight  degree  of  interstitial  inBltration, 
but  no  appearance  suggestive  of  tuberculosis.  Bacilli 
occur,  but  only  in  twos  and  threes,  and  are  very 
scanty. 

Spleen. 

Bacilli  are  disseminated  throughout  the  organ  in 


large  numbers,  and  in  several  places  have  assumed  a 
rosette  formation  ;  they  are  of  the  same  characters  as 
those  found  in  the  liver.  There  is  no  caseation  or 
giant  cell  formation,  but  the  presence  of  the  bacilli 
appears  to  be  associated  vt^ith  an  excess  of  lymphocytes. 

Inguinal  Gland. 

A  few  bacilli  are  present,  but  have  produced  no 
definite  tissue  change. 


Summary. 

Bacilli  have  multiplied  abundantly  in  the  liver  and  spleen  and  have  caused  some  tissue  change,  but  have 
not  produced  tubercles.    The  lungs  are  only  slightly  affected  and  contain  few  bacilli. 


(3.) 
VIRUS-A  X. 
Animal  Inoculated.— Monkey  188. 


Monkey  188  was  inoculated  intravenously  with 
50  mg.  of  culture  of  A  X,  and  died  18  days 
afterwards. 

Lxmgs. 

Bacilli  are  distributed  throughout  the  tissue  in 
fairly  large  numbers,  and  often  form  small  clumps  ; 
bacilli  are  also  frequently  found  in  the  blood-vessels. 
The  alveolar  walls  are  swollen,  but  there  are  no 
patches  of  consolidation  and  no  siona  of  tissue 
destruction.  Many  of  the  bacilli  are  within  epithelial 
or  endothelial  cells.  Leucocytes  are  not  greatly  in 
excess  of  the  normal. 

Liver. 

Bacilli  are  distributed  throughout  the  tissue  in 
very  large  numbers,  and  have  frequently  grown  into 
rosettes.  In  general  appearance  the  specimen  resem- 
bles a  rabbit's  liver  after  intravenous  inoculation  with 


avian  bacilli.  The  bacilli  have  grown  most  freely 
within  epithelial  and  endothelial  cells  ;  they  have 
produced  partial  disintegration  of  the  liver  cells  and 
swelling  up  of  the  endothelial  cells,  but  no  caseation 
and  no  giant  cell  formation.  A  few  of  the  liver 
cells  near  to  deposits  of  bacilli  show  mitotic  figures. 
Leucocytes  and  lymphocytes  are  scanty.  Many  bacilli 
occur  nithin  blood-vessels,  some  free  and  some 
attached  to  desquamated  endothelial  cells. 

Kidneys. 

Bacilli  occur  in  scanty  numbers  both  in  the  inter- 
stitial tissue  and  within  blood-vesseh,  but  have  not 
produced  any  lesions. 

Spleen. 

Bacilli  are  abundant,  but  have  produced  no  definite 
tissue  change. 


Summary. 

The  general  condition  is  similar  to  that  of  a  rabbit  after  intravenous  infection  with  avian  bacilli. 


VlRUS-A  X. 
Animal  Inoculated.— Monkey  196. 


Monkey  196  was  inoculated  intravenously  with 
10  mg.  of  culture  of  AX,  and  died  29  days 
afterwards. 

Lungs. 

Bacilli  are  distributed  throughout  the  tissue  in 
fairly  large  numbers.  Compared  with  thy  lungs  of 
Monkey  188,  the  differences  noted  in  the  present 
specimen  are  the  following.  Bacilli  are  not  quite  so 
numerous  ;  there  is  less  general  thickening  of  the 
alveolar  walls ;  there  is  more  desquamation  of 
epithelial  cells. 

Liver. 

The  general  condition  is  the  same  as  in  the  liver  of 
Monkey  188.  Bacilli  are  not  quite  so  abundant. 
Mitoses  in  liver  cells  adjacent  to  deposits  of  bacilli 
are  more  frequent,  the  number  of  dividing  nuclei 
being  particularly  large. 


Kidneijs. 

Bacilli  are  present  in  small  numbers  in  the  inter- 
stitial tissue,  inside  glomeruli,  and  within  blood-vessels. 
They  have  not  produced  aoy  defiuite  lesions. 


Spleen. 

Similar  to  the  spleen  of  Monkey  188. 


Me  ^enteric  Gland. 

Bacilli  are  very  abundant,  particularly  within  cells 
adjacent  to  the  peripheral  lymph  sinus.  The  endo- 
thelial cells  in  which  bacilli  are  contained  are  swollen, 
but  there  is  no  caseous  change,  and  there  is  a  none- 
worthy  absence  of  tissue  destruction,  even  in  areas 
where  bacilli  are  very  abundant. 


Summary. 
Similar  to  Monkey  188. 
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(5.) 

vmus-A  X. 

Animal  Inoculated.— Monkey  198. 


Monkey  198  was  inoculated  intravenously  with  100 
mg.  of  culture  of  A  X,  and  died  28  days  afterwards. 

Lungs. 

Bacilli  are  distributed  very  abundantly  throughout 
the  tissue,  including  blood-vessels,  and  have  grown 
into  solid  colonies  and  rosettes.  There  are  no  patches 
of  consolidation  or  tissue  destruction  ;  the  majority 
of  the  alveolar  walls  are  not  even  thickened,  but  appear 
perfectly  normal  in  structure,  though  they  contain 
large  numbers  of  bacilli.  The  absence  of  irritant 
action  on  the  part  of  the  bacilli  is  remarkable. 

Liver. 

The  liver  is  crowded  with  dense  masses  of  bacilli 
which  have  grown  everywhere  into  colonies ;  the 
general  appearance  is  identical  with  that  of  a  rabbit's 
liver  after  intravenous  inoculation.    The  liver  cells 


are  rather  more  broken  down  than  in  the  liver  of 
Monkey  188,  but  their  nuclei  have  not  disappeared 
and  there  is  no  caseation.  Many  of  the  liver  cells 
show  mitotic  figures.  In  one  case  a  few  bacilli  have 
been  found  within  one  of  these  cells  ;  but  this^  is 
exceptional,  the  rule  being  that  cells  containing  bacilli 
do  not  undergo  indirect  nuclear  division. 

Kidneys. 

Bacilli  occur  frequently  in  the  interstitial  tissue, 
the  glomeruli,  and  the  blood-vessels,  and  have  often 
grown  into  small  clumps.  No  definite  lesions  have 
been  produced. 

Spleen. 

The  spleen  is  almost  a  solid  mass  of  bacilli. 
Rosette  formations  are  abundant ;  a  cell  nucleus  is 
generally  found  in  the  centre  of  the  rosette.  There  is 
a  remarkable  absence  of  tissue  destruction. 


Summary. 

Similar  to  Monkey  188,  but  the  bacilli  have  multiplied  more  abundantly. 


General  Results. 


I.  Subcutaneous  Inoculation. 

As  a  rule  the  monkey  has  proved  highly  resistant  to 
subcutaneous  inoculation,  and  in  consequence  histo- 
logical examination  has  given  negative  results. 
Monkey  118  is  an  exceptional  case.  This  animal, 
killed  98  days  after  inoculation  with  10  mg.,  shows 
acute  dissemmated  tuberculosis  which  is  identical  in 
all  histological  respects  with  the  disease  produced  by 
virulent  mammalian  bacilli. 

II.  Intravenous  Inoculations. 

The  animal  inoculated  with  1  mg.  died  in  34  days. 
In  the  tissues  examined  bacilli  are  scanty,  and  there 


are  only  a  few  lesions  definitely  attributable  to  their 
presence. 

The  animals  inoculated  with  larger  doses  (10  to 
100  mg.)  died  at  earlier  periods  (18  to  29  days).  In 
all  these  animals  the  bacilli  have  multiplied  very 
abundantly  and  have  often  grown  into  typical  rosettes, 
particularly  in  the  liver  and  spleen.  The  amount  of 
tissue  damage  is  relatively  small,  and  there  is  no 
formation  of  tubercles.  The  general  features  of  the 
tissues  resemble  those  produced  in  rabbits  after  intra- 
venous inoculation  with  avian  bacilli.  It  is  also 
noticeable  that,  as  with  the  rabbit  and  fowl,  the  liver 
and  spleen  of  the  monkey  are  more  favourable  sites 
than  the  lungs  for  the  profuse  multiplication  of  the 
avian  bacillus. 


v.— LESIONS  IN  SWINE, 
(a)  Feeding  Experiments. 
■(1.) 
VIRUS-P  II. 
Animal  Fed.— Pig  110. 


Pig  110  was  fed  with  seven  glycerin  -  serum 
tubes  of  culture  of  P  II  (a  porcine  virus  with 
avian  characters),  and  was  killed  159  days  after- 
wards. 

Lungs. 

There  is  some  occasional  thickening  of  the  alveolar 


walls,  but  nothing  has  been  found  in  the  specimens 
examined  which  is  suggestive  of  tuberculosis. 

Mesenteric  Gland. 

There  are  large  areas  which  are  completely  caseous 
and  non-vascular  ;  they  are  surrounded  by  a  dense 
fibrous  zone  ;  no  giant  cells  have  been  noted.  Bacilli 
are  scattered  in  the  lesions,  but  are  not  numerous. 


Summaby. 


No  evidence  of  dissemination. 
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(2.) 

VIRUS-A  VII. 
Animal  Fed— Pig  176. 

Pig  176  was  fed  with  50  mg.  of  culture  of  A  VII, 
and  was  killed  315  days  afterwards.  ^^iw;-,  Kidneys,  and  Spleen. 

Lungs. 

In  the  specimen  of  lung  there  are  two  retrogressive  No  lesions  or  bacilli  have  been  found  in  the  specimens 
tubercles,  but  no  bacilli  have  been  found.  of  these  organs. 

Summary. 

No  bacilli  have  been  found,  but  there  are  a  few  tubercles  in  the  lungs. 


(3.) 

VIRUS-A  VII. 
Animal  Fed.— Pig  178. 


Pig  178  was  fed  once  with  100  mg.  of  culture  of 
A  VII  and  was  killed  101  days  afterwards. 

Lungs. 

The  tissue  is  congested,  but  in  specimens  not 
stained  for  bacilli  there  is  nothing  to  suggest  tubercu- 
losis. Multinuclear  leucocytes  are  not  very  numerous, 
but  small  lymphocytes  are  much  in  excess  of  the 
normal  ;  very  few  plasma  cells  are  present.  In 
carbol-fuchsin  specimens  the  tissue  is  seen  to  be 
crowded  with  bacilli  which  are  uniformly  distributed 
in  all  parts  and  have  in  some  places  assumed  rosette 
formations  characteristic  of  avian  bacilli.  Bacilli  are 
numerous  in  the  lymph  spaces  and  occasionally  occur 
within  blood-vessels.  The  leucocytes  very  frequently 
contain  bacilli. 

Liver. 

There  is  a  general  infiltration  with  lymphocytes 
and  leucocytes.    The  leucocytes  are  highly  phagocytic. 


many  of  them  being  crowded  with  bacilli.  Numerous 
giant  cells  are  present.  There  are  no  lesions  with  the 
definite  structural  arrangement  of  tubercles.  Bacilli 
are  present  in  all  parts  of  the  tissue,  including  the 
veins,  in  enormous  numbers.  Rosette  formations  are 
abundant  and  characteristic. 


Kidneys. 

There  are  no  histological  changes.  In  many  of  the 
glomeruli  small  groups  of  bacilli  occur  ;  a  few  are  also 
found  in  the  interstitial  tissue. 


Mesenteric  Gland. 

The  gland  is  occupied  by  enormous  masses  of 
bacilli,  which  have  produced  very  little  tissue  de- 
struction. There  is  a  very  marked  tendency  for  the 
bacilli  to  form  rosettes.  Numerous  leucocytes  contain 
bacilli. 


Summary 

General  dissemination  and  enormous  multiplication  of  bacilli  ;  very  little  tissue  destruction  ;  no  tubercle 
formation.    Many  leucocytes  contain  bacilli. 


(&)  Subcutaneous  Inoculation. 

VIRUS-A  VII. 
Animal  Inoculated.— Pig  180. 


Pig  180  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  A  VII,  and  was  killed  105  days  after- 
wards.* 

Lungs. 

Throughout  the  tissue  the  alveolar  walls  show 
small  irregular  patches  of  thickening,  but  there  are 
no  definitely  tubercular  foci.  Multinuclear  leucocytes 
are  in  excess  of  the  normal.  Bacilli  are  distributed 
"in  small  numbers  throughout  the  tissue.  They  have 
not  grown  into  colonies. 

Liver. 

There  is  a  slight  infiltration,  chiefly  interlobular, 
with  leucocytes,  lymphocytes,  and  plasma  cells.  A 
few  giant  cells  are  also  present.    Minute  groups  of 


bacilli  occur  in  all  parts  of  the  tissue.  There  are  no 
large  groups  and  no  rosette  formations. 

Kidneys. 

There  are  no  histological  lesions,  but  bacilli  are 
fairly  numerous  in  some  of  the  blood-vessels  ;  none 
have  been  found  elsewhere. 

Spleen. 

A  few  bacilli  occur,  but  have  not  produced  any 
definite  tissue  change. 

Mesenteric  Gland. 

Bacilli  are  abundant  and  have  assumed  typical 
rosette  formations.  The  gland  is  partially  caseous. 
The  leucocytes  frequently  contain  bacilli. 


Summary. 

Bacilli  are  present  in  all  the  tissues,  but  are  not  abundant  except  in  the  mesenteric  gland,  where  they  are 
very  numerous  and  form  typical  rosettes.    Relatively  little  tissue  destruction  has  been  caused. 

*  Pig  264,  subcutaneously  inoculated  with  50  mg.  of  A  X  and  killed  105  days  afterwards,  shows  neither  lesions  nor  bacilli 
in  the  specimcna  examined  of  lungs,  liver,  kidneys,  spleen,  and  a  mesenteric  gland. 


194: 


Histology — Avian  Viruses  in  Swine. 


(c)  Intraperitoneal  Inoculations. 
(1.) 
VIRUS-P  II. 
Animal  Inoculated.— Pig  104. 


Pig  104  received  an  intraperifcoaeal  inoculation  with 
10  nag.  of  culture  of  P  II  (a  porcine  virus  with  avian 
characters),  and  was  killed  60  days  afterwards. 

Liver. 

The  tissue  contains  several  small  lesions  which  are 
not  caseous  but  contain  giant  cells  and  are  infiltrated 
with  numerous  finely  granular  oxyphil  leucocytes. 
Small  lymphocytes  are  also  present  and  a  few  plasma 
cells  are  found  at  the  psriphery  of  the  lesions.  The 
nuclei  of  the  giant  cells  resemble  those  of  the  paren- 
chymatous liver  cell=.  Tubercle  bacilli  are  present 
within  the  lesions  but  are  rare. 


Mesenteric  Gland. 

The  gland  is  in  an  early  stage  of  diffuse  fibroid 
change.  Giant  cells  are  very  numerous  and  appear  to 
be  formed  from  the  endothelial  cells  covering  the 
reticulum  of  the  gland.  There  are  no  definitely 
caseous  areas  or  circumscribed  tubercles.  There  is  a 
moderate  degree  of  infiltration  with  oxyphil  leuco- 
cytes. These  cells  often  form  small  groups,  particu- 
larly in  situations  where  giant  cell  formation  is  going 
on.  Bacilli  are  generally  distributed,  but  occur  in 
only  small  numbers.  They  are  sometimes  present 
within  giant  cells. 


Summary. 

Bacilli  are  distributed  in  small  numbers  throughout  the  liver  and  mesenteric  gland,  and  have  produced 
lesions  characterised  by  the  presence  of  numerous  giant  cells. 


(2.) 

VIRUS-A  VII. 
Animal  Inoculated.— Pig  182. 


Pig  182  was  inoculated  intraperitoneally  with  10  msj. 
of  culture  of  A  VII,  and  was  killed  lOG  days  afterwards. 

Lungs. 

There  is  a  general  and  considerable  thickening  of 
the  alveolar  walls,  but  no  definite  tubercles  have  been 
formed.  Bacilli  are  scattered  all  over  the  tissue  and 
are  found  in  nearly  every  microscopic  field.  They 
occur  both  singly  and  in  small  groups  ;  no  large 
colonies  have  been  found.  Leucocytes  are  distributed 
about  the  tissue  but  are  not  particularly  numerous  and 
do  not  seem  to  be  attracted  to  the  bacilli. 

Liver. 

The  interlobular  tissue  shows  patches  of  infiltration 
with  lymphocytes  and  leucocytes  ;  here  and  there  these 
cells  have  invaded  the  parenchyma,  and  are  then 
associated  with  partially  breaking  down  liver  cells, 
and  imperfectly  formed  giant  cells.  There  are 
no  definitely  formed  tubercles.  Bacilli  are  abun- 
dant and  are  scattered  all  over  the  tissue.  They  are 
found  in  all  the  areas  of  infiltration  and  in  the  giant 
cells,  and  also  occur  in  all  parts  of  the  tissue  where 


these  is  no  sign  of  histological  change.  Groups  of 
bacilli  rolled  into  solid  balls  about  the  size  of  a  red 
corpuscle  are  frequently  found  in  the  capillary  channels 
or  attached  to  their  walls. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

Bacilli  are  distributed  throughout  the  tissue  and  in 
many  places  are  numerous,  but  have  not  formed  solid 
colonies.  In  some  places  the  cells  where  the  bacilli 
ojcur  stain  faintly  but  are  not  definitely  caseous  ;  in 
the  greater  part  of  the  tissue  the  bacilli  are  not 
associated  with  any  histological  change.  Leucocytes 
are  not  particularly  numerous  and  do  not  seem  attracted 
towards  the  bacilli. 

Mesenteric  Gland. 

The  greater  part  of  the  gland  has  been  replaced  by 
bacilli,  but 'islands  of  lymphoid  tissue  are  left.  The 
colonies  show  the  typical  rosette  formation.  The 
leucocytes  very  frequently  contain  bacilli. 


Sdmmary. 

The  bacilli  are  generally  disseminated,  except  in  the  kidneys,  and  have  multiplied  freely.  They  have  caused 
very  little  tissue  destruction. 


{d)  Intravenoos  Inoculations. 
(1.) 
VIRUS-A  X. 
Animal  Inoculated.— Pig  236. 


Pig  236  was  inoculated  intravenously  with  5  cc.  of  Lungs. 
an  emulsion  of  the  mesenteric  gland  of  Calf  566        The  tissue   is  crowded  with  bacilli,  which  have 
(inoculated  with  A  X),  and  died  120  days  afterwards,     grown  everywhere  into  colonies  and  rosettes.  There 
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are  no  areas  which  are  otherwise  histologically  typical 
of  tuberculosis  ;  but  in  patches  where  the  collections 
of  bacilli  are  very  large,  the  alveolar  walls  are  greatly 
thickened  and  show  an  increase  of  endothelial  cells  or 
fibroblasts;  there  are  some  lymphocytes  in  these 
areas,  but  leucocytes  are  very  scanty.  The  bacilli  are 
not  confined  to  these  thickened  patches,  but  are 
orowing  freely  amongst  otherwise  normal  alveolar 
walls,  the  total  area  of  which  is  largely  in  excess  of 
the  consolidated  tissue. 

Liver. 

The  tissue  is  crowded  with  bacilli,  which  have 
grown  everywhere  into  colonies  and  rosettes.  The 
bacilli  have  produced  relatively  little  tissue  destruc- 
tion, and  there  is  an  absence  of  caseation  and  tubercle 
formation.  The  bacilli  show  a  marked  tendency 
to  intracellular  growth,  and  have  multiplied  with 
particular  abundance  within  parenchymatous  cells, 
givinf  rise  to  small  multinucleate  masses  or  giant  cells. 


Kidneys. 

Compared  with  the  liver,  bacilli  are  very  scanty,  but 
minute  groups  and  colonies  are  found  here  and  there 
within  glomeruli  and  in  the  intertiibular  tissue.  They 
have  produced  no  appreciable  tisme  change. 

Sjileen. 

Though  much  less  abundant  than  in  the  liver, 
bacilli  are  distributed  throughout  the  tissue  in  large 
numbers,  and  have  produced  minute  patches  of  slight 
cellular  disintegration. 

A  Bronchial  and  a  Mesenteric  Gland. 

These  glands  are  oocnpied  by  an  almost  continuous 
growth  of  bacilli.  The  individual  colonies  and 
rosettes  are  particularly  large.  There  is  very  little 
tissue  destruction.  Giant  cells  are  numerous.  Leu- 
cocytes are  scanty. 


Summary. 

Enormous  multiplication  of  bacilli  throughout  the  body.  Very  little  tisme  destruction  and  no  tubercle 
formation. 


(2.) 

VIRUS-A  VIII. 
Animal  Inoculated— Pig"  248. 


Pig  248  was  inoculated  intravenously  with  50  mg. 
of  culture  of  A  VIII,  and  died  47  days  after- 
wards. 

Specimens  of  lung,  liver,  kidneys,  spleen,  and  a 
lymphatic  gland  (portal)  are  almost  identical  with 
the  corresponding  organs  of  Pig  236.  In  the  liver 
there  is  rather  more  tissue  destruction,  with  small 
patches  of  commencing  caseation,  and  leucocytes  are 


rather  more  numerous.  Similar  differences  are 
observable  in  the  spleen.  It  has  also  been  noted  that 
in  the  liver  and  spleen  leucocytes  contain  bacilli  more 
frequently  than  in  the  correspondiug  tissues  of 
Pig  236.  In  the  lymphatic  gland,  also,  the  bacilli 
have  produced  more  tissue  disintegration  and 
leucocytes  are  very  numerous. 


Summary. 

Similar  to  Pig  236  but  rather  more  tissue  destruction,  except  in  the  bangs,  and  more  leucocytes. 


General  Results. 


I.  Feeding. 

Pigs  110  and  176  were  both  fed  with  large  doses, 
but  I  have  found  no  evidence  of  dissemination  in  the 
former  animal  and  in  the  litter  only  a  few,  obvii  usly 
retrogressive,  tubercles  of  the  lungs,  in  which  no  bacilli 
are  demonstrable. 

Pig  178,  though  fed  with  the  same  virus  as  Pig  176, 
but  with  100  mg.  instead  of  50  mg.,  shows  a 
remarkable  difference,  the  general  condition  indicating 
a  very  free  circulation  of  bacilli  by  the  blood-stream. 
Though  the  bacilli  are  generally  disseminated  and 
have  multiplied  very  abundantly,  they  have  caused 
very  little  tissue  destruction,  and  have  not  led  to  the 
formation  of  tubercles. 

II.  Subcutaneous  Inoculations. 

Pig  ISO,  killed  105  days  after  subcutaneous  inocu- 
lation with  50  mg.,  shows  a  free  distribution  of  bacilli 
in  the  various  tissues  examined,  and  there  are  indica- 
tions that  the  organisms  are  circulating  in  considerable 
numbers  in  the  blood-stream.  Relatively  little  tissue 
destruction  has  been  caused.  The  bacilli  do  not  show 
signs  of  copious  multiplication  except  in  a  mesenteric 


gland,  where  they  are  very  numerous  and  form  typical 
rosettes. 

Pig  264,  inoculated  with  the  same  dose  and  killed 
after  the  same  period,  shows  neither  lesions  nor  bacilli. 

III.  Intraperitoneal  Inoculations. 

Pig  104  received  a  dose  of  10  mg.,  and  shows  a 
distribution  of  bacilli  in  small  numbers  throughout  the 
liver  and  a  mesenteric  gland.  The  bacilli  have  not  led 
to  the  formation  of  organised  tubercles,  but  have 
caused  the  production  of  large  numbers  of  giant  cells. 

Pig  182,  inoculated  with  the  same  dose  as  the 
former  animal  (10  mg.),  shows  a  general  dissemination 
and  free  multiplication  of  bacilli  in  the  lungs,  liver, 
spleen,  and  a  mesenteric  gland,  but  not  in  the 
kidneys.  There  is  very  little  tissue  destruction  and 
no  tubercle  formation,  but  in  the  liver  there  are 
several  imperfectly  formed  giant  cells. 

IV.  Intravenous  Inoculations. 

Pigs  236  and  248  show  general  dissemination  and 
enormous  multiplication  of  bacilli,  with  relatively  little 
tissue  destructioru 
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VI.-LESIONS  IN  GUINEA-PIGS. 

(ft)  Subcutaneous  Inoculations. 
(1.) 
VIRUS-P  II. 
Animal  Inoculated.— G.P.  1532 


Guinea-pig  1532  was  inoculated  subcutaneously 
with  1  mg.  of  culture  of  P  II  (a  porcine  virus 
with  avian  characters),  and  died  54  days  after- 
wards. 

Lungs. 

No  tubercle  bacilli  have  been  found,  and  no  lesions 
suggestive  of  tuberculosis. 


Liver. 

There  are  numerous  foci  which  are  partially  caseous 
and  are  overrun  with  leucocytes  and  lymphocytes. 
No  tubercle  bacilli  have  been  found. 

Kidneys  and  Spleen. 
No  lesions  or  bacilli  have  been  found. 


Summary. 

Neither  tubercle  bacilli  nor  typical  tubercles  have  been  found. 


(2.) 
VIRUS-A  V. 
Animal  Inoculated.— G.P.  1962. 


Guinea-pig  1962  was  icoculated  subcutaneously 
with  tissue  emulsion  of  liver  of  AY  (a  pheasant),  and 
was  killed  109  days  afterwards. 

Lungs. 

The  alveolar  walls  show  patches  of  congestion  and 
cellular  infiltration,  and  there  are  several  areas  of 
consolidation.  Some  of  these  areas  are  large  (twice 
the  diameter  of  the  microscopic  field  ;  low-power), 
slightly  caseous,  and  appear  typical  of  tuberculosis. 
They  contain  tubercle  bacilli  in  small  numbers.  In 
the  smaller  areas,  which  are  filled  up  with  lymphocytes, 
no  tubercle  bacilli  have  been  found. 


Liver. 

A  few  small  foci  are  present  which  are  centrally 
caseous  and  are  surrounded  by  lymphocytes  and  fibro- 
blasts.   No  bacilli  have  been  found  in  them. 

Kidneys  and  Spleen. 
No  lesions  or  bacilli  have  been  found. 

Portal  Gland. 

Caseous  areas  are  present  and  contain  bacilli  in 
rather  scanty  numbers. 


SUMMAKY. 

Disseminated  lesions  of  a  chronic  type  are  present.    Bacilli  are  scanty. 


(i*)  Intraperitoneal  Inoculations. 

(1.) 
VIRUS-P  II. 
Animal  Inoculated.— G.P.  1494. 


Guinea-pig  1494  received  an  intraperitoneal  inocula- 
tion with  a  wide  culture  of  P  II  (a  porcine  virus 
with  avian  characters),  and  was  killed  .37  days  after- 
wards. ^ 
Lungs. 

There  are  several  small  patches  of  consolidated 
alveoli.  The  cells  in  some  of  these  areas  appear  to 
be  slightly  necrotic,  but  there  is  no  definite  caseation. 
Some  of  the  areas  are  infiltrated  with  lymphocytes 
and  leucocytes.  No  giant  cells  are  present.  The 
areas  referred  to  have  no  definite  boundary  zone. 
Tubercle  bacilli  are  present  in  small  numbers  in  these 
areas  ;  many  of  them  are  fragmentary,  and  some 
show  globular  swellings. 

Liver. 

Both  within  and  between  the  lobules   there  are 


numerous  small  patches  of  infiltration  with  lympho- 
cytes and  leucocytes.  In  most  of  these  situations  a 
few  tubercle  bacilli  are  present. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

Bacilli  are  present  in  scanty  numbers  and  have 
produced  slight  necrotic  change. 

Mesenteric  Gland. 

Many  small  groups  of  bacilli  are  present.  They 
have  produced  very  little  tissue  change. 


Summary. 

The  bacilli  are  generally  disseminated  ;  they  appear  to  be  dying  out,  and  have  produced  only  slight  tissife. 
change. 
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(2.) 

VIRUS-P  II. 
Animal  Inoculated.— G.P.  1533. 


Guinea-pig  1533  was  inoculated  intraperitoneally 
with  5  mg.  of  culture  of  P  II  (a  porcine  virus  with 
avian  characters),  and  died  19  days  afterwards. 

Lungs. 

There  is  a  general  congestion  of  the  alveolar  walls, 
which  are  infiltrated  with  leucocytes  and  lympho- 
cytes, and  much  of  the  alveolar  epithelium  has  de- 
squamated. Throughout  the  tissue  there  are  small 
groups  of  tubercle  bacilli ;  they  are  generally  attached 
to,  or  within,  epithelial  and  endothelial  cells  and  have 
often  grown  into  small  groups  within  both  these 
types  of  cells.  A  few  bacilli,  adherent  to  endothelial 
cells,  are  present  within  blood  vessels.  There  is  no 
formation  of  definite  tubercles. 


Liver. 

The  iiver  is  in  a  condition  of  diffuse  necrotic 
change.  Throughout  the  tissue  tubercle  bacilli  are 
distributed,  but  nowhere  form  large  groups.  A  few 
giant  cells  are  present  but  there  are  no  deGnite 
tubercles. 


Kidneys. 

Some  interstitial  infiltration  is  present,  but  there 
are  no  definite  tubercles.  A  few  bacilli  have  been 
found,  both  amongst  the  interstitial  tissue  and  within 
glomeruli. 


5S0MMARY. 

Dissemination  of  the  bacilli  in  the  lungs,  without  the  production  of  tubercles  ;  advanced  necrotic  change 
in  the  liver. 


(3.) 

VIRUS-A  IV. 
Animal  Inoculated.— G.P.  2131. 


Guinea-pig  2131  received  an  intraperitoneal  inocula- 
tion with  1  mg.  of  culture  of  A  IV,  and  was  killed  180 
days  afterwards. 

Lungs,  Kidneys,  Spleen,  and  Mesenteric  Gland. 
No  tubercles  or  bacilli  have  been  found. 


Liver. 

There  are  several  small  foci  containing  numerous 
multinuclear  leucocytes,  and  sometimes  showing 
evidence  of  slight  caseation.  No  bacilli  have  been 
found. 


Summary. 

Neither  tubercle  bacilli  nor  definite  tubercles  have  been  found.  The  condition  of  the  liver  suggests 
that  tubercle  bacilli  may  have  reached  that  organ,  but  have  been  destroyed. 


(4.) 

VIRUS-A  VI. 
Animal  Inoculated.— G.P.  2624. 


Guinea-pig  2624  was  inoculated  intraperitoneally 
with  •!  mg.  of  culture  of  A  VI,  and  died  57  days 
afterwards. 

Lungs. 

The  lungs  contain  small  lesions.  Each  is  composed 
of  a  small  group  of  swollen  and  partially  broken- 
down  epithelial  and  endothelial  cells,  together  with  an 
infiltration  of  leucocytes  and  lymphocytes.  Bacilli 
are  rare. 

Liver, 

There  is  a  general  infiltration  of  lymphocvtea  and 
leucocytes,  ai  d  there  are  many  places  where  these 


cells  are  collected  in  a  group  amongst  a  patchfof 
slightly  disintegrated  epithelial  and  endothelial  cells. 
In  some  of  these  foci  a  few  bacilli  are  present.  Some 
of  the  liver  cells  show  mitotic  figures. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Si^leen. 

The  spleen  contains  small,  slightly  caseous  foci  and 
some  giant  cells.    Bacilli  are  scanty. 


Summary. 

Small,  disseminated  lesions.    Bacilli  scanty.  , 
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(5.) 

VIRUS-A  VIII. 
Animal  Inoculated— G.P.  8503. 


Guinea-pig  2503  was  inoculated  intraperitoneally 
with  1  mg.  of  culture  of  A  VIII,  and  died  52  days 
afterwards. 

Lungs. 

Small  groups  of  bacilli  are  found  in  many  parts  of 
the  tissue.  They  have  not  given  rise  to  definite 
tubercles  but  have  caused  a  swelling  up  of  the 
endothelial  cells  and  small  aggregations  of  leucocytes 
and  lymphocytes. 

Liver. 

Bacilli  occur  in  small  numbers  all  over  the  tissue. 
There  are  no  definite  tubercles  or  areas  of  caseation, 
but  the  parenchymatous  cells  are  extensively 
damaged  ;  their  protoplasm  stains   badly  and  their 


nuclei  are  distorted.  The  tissue  as  a  whole  is  overrun 
with  leucocytes  and  lymphocyts  s,  and  there  is  a  large 
number  of  cells  with  oval,  pale,  and  swollen  nuclei 
which  are  apparently  representatives  of  endothelial  and 
parenchymatous  cells.  A  few  giant  cells  are  present. 
The  general  characteristics  of  the  cells  found  in  the 
tissue  are  confusion  and  partial  disintegration. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

There  are  several  small,  caseous  patches,  in  which 
bacilli  are  present  in  scanty  numbers. 


Summary. 

Bacilli  are  distributed  in  small  numbers  in  the  lungs  and  liver.  No  definite  tubercles  have  been  formed, 
but  in  the  lungs  there  are  small  patches  showing  commencing  degeneration  of  the  tissue  cells,  and  the 
liver  parenchyma  is  extensively  damaged. 


General  Results. 


The  preceding  examples  show  that  the  tissues  of  the 
guinea-pig  are  highly  resistant  to  the  avian  tubercle 
bacillus,  both  after  subcutaneous  and  after  intraperi- 
toneal inoculation.  There  is  frequently  evidence  of 
dissemination  ;  but  the  lesions,  though  sometimes 
caseous,  are  on  the  whole  not  typical  of  tuberculosis. 


and  the  bacilli  generally  seem  unable  to  multiply  or  to 
retain  their  vitality  in  the  organs  of  this  animal.  But 
in  some  cases  inoculation  has  been  followed  by  death 
at  a  comparatively  early  period  ;  and  the  evidence  of 
irritant  and  necrotic  change  in  the  liver  suggests  that 
the  bacilli  may  have  exerted  a  toxic  effect. 


VII.-LESIONS  IN  GOATS. 

(«)  Subcutaneous  Inoculations. 
(1.) 
VIRUS-P  II. 
Animal  Inoculated.— Goat  36. 


Goat  36  was  inoculated  subcutaneously  with  10  mg. 
of  culture  of  P  II  (a  porcine  virus  with  avian  charac- 
ters), and  was  killed  131  days  subsequently. 

Lungs. 

The  lungs  contain  circumscribed,  caseous  lesions 
in  which  giant  cells  are  present.  Tubercle  bacilli 
are   very  rare,  but  a  few  have  been  found.  In 


another  portion  of  the  lung  numerous  parasitic 
worms  have  been  found,  but  these  are  not  associated 
with  either  caseous  lesions,  giant  cells,  or  tubercle 
bacilli. 

Mesenteric  Gland. 

The  gland  examined  contains  extensive  fibro-caseous 
lesions,  with  many  giant  cells.  Tubercle  bacilli  are 
scanty. 


Summary. 

Some  bacilli  have  reached  the  lungs,  and  have  there  set  up  chronic,  probably  retrogressive,  tubercles. 


•  (2.) 
VIRUS-A  III. 
Animal  Inoculated.— Goat  40. 


Goat  40  was  inoculated  subcutaneously  with  100  mg. 
of  culture  of  A  III,  and  was  killed  128  days  after- 
wards. 

Lungs. 

Necrotic  lesions  are  present  and  are  surrounded  by 
a  dense  leucocytic  infiltration.  One  or  two  tubercle 
bacilli  are  present.    No  other  parasites  have  been 


found,  but  it  does  not  seem  quite  certain  that  the 
lesions  have  been  produced  by  the  tubercle  bacilli. 

Other  Organs. 

No  tubercles  or  bacilli  have  been  found  in  the 
specimens  of  liver,  kidneys,  or  spleen.  In  the  pre- 
scapular  gland  there  are  a  few  suspicious  foci,  but  no 
bacilli  have  been  found  in  them. 


Summary. 

Lesions  of  doubtful  nature,  but  containing  a  few  tubercle  bacilli,  are  present  in  the  lungs.  There  is 
no  clear  evidence  of  dissemination  elsewhere. 
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(3.) 

VIRUS-A  X. 
Animal  Inoculated.— Goat  42. 


Goat  42  was  inoculated  subcutaneously  with  50  mg.  found  in  them,  and  there  is  no  definite  clue  to  their 
of  culture  of  A  X,  and  was  killed  98  days  afterwards.  origin. 

Othei'  Orrjans. 

No  evidence  of    infection   has    been  found  in 
In  the  specimen  of  lung  there  are  some   small     specimens  of  liver,  kidney,  spleen,  and  a  popliteal 
patches    of    consolidation.     No    bacilli   have   been  gland. 

Summary. 
No  evidence  of  dissemination. 


(4.) 

VIRUS-A  X. 
Animal  Inoculated.— Goat  48. 


Goat  48  was  inoculated  subcutaneously  with  50  mg. 
of  culture  of  A  X,  and  was  killed,  when  ill,  83  days 
afterwards. 

Lungs. 

The  tissue  is  occupied  with  numerous  caseous,  semi- 
confluent  tubercles  ;  the  larger  tubercles  contain  a 
little  calcareous  deposit  in  the  centre.  The  alveoli 
between  these  foci  contain  smaller  lesions  which  have 
not  commenced  to  caseate.  Parasitic  worms  (strongyli) 
are  present  in  some  of  the  bronchioles  and 
alveoli,  but  do  not  appear  to  have  any  causal  relation- 
ship to  the  tubercles.  Bacilli  are  present  in  all  the 
le.sions  and  are  very  abundant  in  the  larger  lesions, 
both  in  the  interior  and  at  the  periphery  ;  at  the 
periphery  they  have  grown  into  colonies  and  rosettes. 

Liver. 

Bacilli  are  scattered  throughout  the  tissue  in  large 
numbers  and  have  grown  into  colonies  and  rosettes. 
They  have  not  formed  tubercles  but  show  a  marked 
tendency  to  grow  within  the  parenchymatous  cells. 
Cells  containing  colonies  of  bacilli  occur  in  groups  ; 
they  take  a  diffuse  protoplasmic  and  nuclear  stain, 


and  consequently  stand  out  conspicuously  from  the 
adjacent  tissue. 

Ividneys. 

No  lesions  or  bacilli  have  been  found. 

Bacilli  are  abundant  and  have  grown  into  rosettes. 
There  are  many  patches  of  commencing  caseation, 
containing  many  broken  down  leucocytes. 

MfsenUrk  Gland. 

The  section  may  be  described  as  a  growth  of  bacilli, 
amongst  which  several  large  islands  of  lymphoid  tissue 
have  survived.  Rosette  formations  are  very  numerous. 
Only  fragments  of  nuclear  material  have  survived 
amongst  the  denser  growth  of  bacilli. 

Liiti'dine. 

A  section  of  small  intestine  is  swarming  with  bacilli 
which  have  grown  into  rosettes.  Many  of  the  villi  are 
broken  down,  but  there  are  no  caseous  deposits,  and 
the  amount  of  tissue  destruction  is  small  relatively  to 
the  enormous  numbers  of  bacilli. 


Summary. 

General  dissemination,  except  in  the  kidneys,  and  great  multiplication  of  bacilli.  In  the  lungs  there  are 
large,  progressive,  caseous  lesions  ;  elsewhere,  the  amount  of  tissue  destruction  is  relatively  small. 


{b)  Intravenous  Inoculation. 
(1.) 

VIRUS-P  III. 
Animal  Inoculated.— Goat  56. 


Goat  56  was  inoculated  intravenously  with  10  mg.  Lwigs. 

of  culture  of    P  III  (a  porcine  virus  with  avian  There  is  a  partial  consolidation  due  to  a  generalised 

characters),  and  died  40  days  afterwards.  thickening  of  the  alveolar  walls,  but  there  are  no 
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lesions  typical  of  tuberculosis.  Bacilli  are  abundant 
in  all  parts  of  the  tissue,  and  form  small  clumps  ; 
they  have  evidently  multiplied. 

Liver. 

Bacilli  are  numerous  ;  they  are  scattered  throughout 
the  tissue,  and  have  often  grown  into  small  colonies. 
They  have  produced  very  little  tissue  destruction,  and 
have  not  led  to  the  formation  of  definite  tubercles  ; 
there  is  some  infiltration  of  leucocytes  and  lympho- 
cytes in  their  neighbourhood. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 

SxAeen. 

A  few  bacilli  are  present,  but  no  lesions  have  been 
produced. 

Mediastinal  Gland. 

There  are  large  patches  of  bacilli,  which  have  grown 
into  colonies  and  rosettes.  Very  little  tissue  damage 
has  been  produced, 


Sdmmary. 

General  dissemination  of  bacilli,  with  abundant  multiplication  in  the  lungs,  liver,  and  a  mediastinal  gland. 
Tery  little  tissue  damage. 


(2.) 

VIRUS-P  III. 
Animal  Inoculated.— Goat  58. 


Goat  58  was  inoculated  intravenously  with  1  mg. 
of  culture  of  P  III  (a  porcine  virus  with  avian 
characters),  and  died  35  days  afterwards. 

Lungs. 

The  histological  condition  is  identical  with  that  of 
the  lungs  of  Goat  56.  Bacilli,  though  plentiful,  are 
not  so  numerous  as  in  the  latter  animal. 

Liver. 

Identical  with  the  liver  of  Goat  56. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

Bacilli  are  very  rare ;  no  lesions  have  been  produced. 

Mediastinal  Gland. 

Similar  to  the  corresponding  gland  of  Goat  56,  but 
bacilli  less  abundant. 


Summary. 

The  bacilli  have  not  multiplied  quite  so  abundantly  as  in  Goat  56,  but  otherwise  the  conditions  of  the  two 
animals  are  identical. 


General  Results. 


I.  SOBCDTANEOUS  INOCULATIONS. 

The  results  are  irregular.  The  first  three  animals 
proved  highly  resistant.  In  Goats  36  and  40,  the 
only  evidence  of  dissemination  is  in  the  lungs,  which, 
in  each  case,  contain  a  few  bacilli  ;  these  are  associated 
in  the  former  animal  with  caseous  lesions  and  giant 
cell  formation  ;  in  the  other  animal  the  lesions  are  of 
doubtful  nature.  No  evidence  of  dissemination  has 
been  found  in  Goat  42.  But  in  Goat  48,  inoculated 
with  the  same  dose  of  the  same  virus,  the  bacilli  are 
generally   disseminated   and  have  multiplied  abun- 


dantly. The  lungs  contain  large,  progressive,  caseous 
lesions,  but  in  the  other  organs  the  amount  of  tissue 
destruction  is  small  and  there  are  no  tubercles.  The 
bacilli  have  produced  typical  rosette  formations. 

II.  Intravenous  Inoculations. 

In  the  two  animals  examined  there  is  a  general 
dissemination  and  abundant  multiplication  of  bacilli, 
but  no  tubercle  formation  and  very  little  tissue 
damage. 


VIII.-LESIONS  IN  RATS. 

(a)   Subcutaneous  Inoculations. 

.     (1.)  ■ 
VIRUS-A  II. 
Animal  Inoculated.— Rat  132. 


Eat  122  was  inoculated subcutaneously  with  100 mg. 
of  culture  of  A  II,  and  was  killed  255  days  afterwards. 

Lungs. 

No  bacilli  or  lesions  suggestive  of  infection  have 
been  found. 

Liver. 

There  are  a  few  minute  lesions  of  doubtful  nature. 


Two  or  three  tubercle  bacilli  have  been  found  amongst 
the  interlobular  tissue.  ■ 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

S2)lee>i, 

There  are  severa  minute  foci,  each  consisting  of  a 
group  of  about  half  a  dozen  partially  disintegrated 
cells.    Some  of  these  foci  contoiu  a  tubercle  bacillus. 


Summary. 

Slight  evidence  of  dissemination.    Bacilli  very  rare. 
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(2.) 

VIRUS-A  IV. 
Animal  Inoculated.— Rat  86. 


Rat  86  was  inoculated  subcutiineously  with  4  mg.  of 
culture  of  A  IV,  and  died  333  days  afterwards. 

Lungs. 

There  are  several  small  foci  which  are  not  caseous 
but  show  aggregations  of  lymphocytes  and  some  leu- 
cocytes. In  these  areas  bacilli  are  present  in  fairly 
large  numbers. 


Liver  and  Spleen. 


There  are  no  definite  lesions,  but  a  few  bacilli  have 
been  found. 


Kidneys. 

Neither  lesions  nor  bacilli  have  been  found. 
Summary. 

Very  little  tissue  change.    Bacilli  fairly  numerous  in  the  lungs,  scanty  elsewhere. 


{b)  Intraperitoneal  Inoculations. 
(1.) 
VIRUS-P  II. 
Animal  Inoculated.— Rat  85. 


Rat  85  received  an  intraperitoneal  inoculation  with 
10  mg.  of  culture  of  P  II  (a  porcine  virus  with  avian 
characters),  and  was  killed  184  days  afterwards. 


Lungs. 

The  tissue  shows  no  very  definite  lesions,  but 
here  and  there  the  alveolar  walls  have  been 
invaded  with  small  groups  of  cells  which  are 
mainly  Ij'mphocytes ;  and  in  Pappenheim  specimens 
many  small  groups  of  plasma  celh  are  demonstrable. 
No  fibrin  is  present.  Throughout  the  tissue 
small  groups  of  bacilli  are  present.  They  are 
frequently  intracellular  and  are  associated  with 
the  aggregations  of  lymphocytes  noted  above,  though 
they  also  occur  (often  within  epithelial  and  endo- 
thelial cells)  where  no  cellular  infiltration  is  present. 
A  few  have  been  found  within  blood-vessels  and  n 
the  endothelial  lining  of  blood-vessels.  The  bacilli 
vary  from  about  1  to  3'5  /<  in  length.  Many  are 
fragmentary  and  some  are  beaded.  Several  of  the 
longer  forms  are  curved.    


Liver. 

There  is  very  little  tissue  change,  with  the  exception 
of  a  moderate  amount  of  leucocytic  infiltration. 
Bacilli  are  very  abundant,  especially  in  the  interlobular 


tissue,  where  they  are  universally  distributed  and 
form  clusters  of  small  colonies.  Bacilli  also  occur 
within  the  lobules,  though  less  plentifully.  The 
bacilli  have  a  marked  tendency  to  intracellular 
growth  ;  cells  are  frequently  found  the  protoplasm 
of  which  is  completely  filled  with  them.  The  bacilli 
are  mostly  straight  and  from  "75  to  2'5  jx  in  length  : 
many  of  the  longer  forms  are  beaded  or  irregularly 
stained. 

Kidneys. 

In  a  small  area  of  the  section  examined  there  is 
some  leucocytic  infiltration  and  many  of  the  renal 
tubules  are  filled  with  leucocytes ;  the  I'est  of  the 
section  appears  histologically  normal.  In  the  infil- 
trated area  referred  to  there  are  dense  masses  of 
bacilli,  which,  entangled  amongst  leucocytes,  occupy 
the  interior  of  many  of  the  tubules  ;  and,  in  the 
adjacent  area,  bacilli  are  found,  though  less  plenti- 
fully, in  the  interstitial  tissue.  No  bacilli  have  been 
found  in  other  parts  of  the  section. 

Axillary  Gland. 

Tubercle  bacilli  are  fairly  abundant,  but  have 
produced  very  little  tissue  change.  The  gland  is 
also  occupied  with  numerous  colonies  of  cocci.  These 
occur  in  different  situations  from  the  bacilli.  The  two 
organisms  are  not  found  growing  in  association  with 
each  other. 


Summary, 


The  tissue  is  swarming  with  bacilli,  which  have  a  marked  tendency  to  intracellular  growth.  There  is 
some  leucocytosis  but  very  little  tissue  destruction  and  no  tubercle  formation. 


(2.) 

VIRUS-P  III. 
Animal  Inoculated.— Rat  79. 


Rat  79  received  an  ntraperitoneal  inoculation  with 
!■  mg.  of  culture  of  P  III  (a  porcine  virus  with  avian 
characters),  and  died  219  days  afterwards. 

Lungs. 

A  few  small  groups  of  lymphocytes  and  plasma  cells 
are  present  in  the  alveolar  walls,  and  there  is  a  well 
marked  layer  of  plasma  cells  at  the  periphery  of  the 
bronchioles.  No  other  lesions  are  present.'  In  the 
small  alveolar  foci  a  few  tubercle  bacilli  are  present. 
Ihey  are  minute,  often  fragmentary,  and  almost 
always  intracellular. 


Liver. 

No  tubercles  or  other  definite  lesions  are  present, 
but  plasma  cells  are  numerous  in  the  interlobular 
tissue  and  are  also  distributed  freely,  though  not  in 
groups,  within  the  lobules.  Lymphocytes  and  leuco- 
cytes are  also  more  numerous  than  normal.  Tubercle 
bacilli  form  minute  colonies  in  all  parts  of  the  tissue. 
The  bacilli  are  nearly  all  intracellular.  Lymphocytes, 
leucocytes,  and  plasma  cells  are  always  to  be  found 
somewhere  near  the  bacilli  but  have  not  formed 
definite  aggregations  in  the  situations  where  bacilli 
are  present. 
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Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Mediastinal  Gland. 

More  than  half  the  gland  is  completely  necrotic,  and 
in  the  cellular  portion  there  are  found  numerous  areas 
which  stain  rather  faintly.     These  pale  areas  are 


occupied  with  colonies  of  bacilli.  In  the  completely 
necrotic  areas  bacilli  are  scanty,  but  colonies  of  them 
are  to  be  found  wherever  any  groups  of  cell  fragments 
remain. 

Spleen. 

Bacilli  are  distributed  throughout  the  spleen  in 
small  groups.   They  have  caused  no  tissue  destruction. 


Summary. 

It  is  noteworthy  that  these  bacilli,  given  in  a  relatively  small  dose  for  a  rat,  have  not  only  survived  for  219 
days  but  have  multiplied  abundantly  in  the  liver  and  mediastinal  gland. 


(3.) 
VIRUS-A  I. 
Animal  Inoculated.— Rat  102. 


Rat  102  received  an  intraperitoneal  iuoculation 
with  1  mg.  of  culture  of  A  I,  and  was  killed  109  days 
afterwards. 


Lungs. 

A  few  bacilli  are  present  and  are  associated  with 
small  aggregations  of  cells  which  are  mainly 
lymphocytes. 

Liver. 

Several  bacilli,  sometimes  in  small  groups,  are 
present.     There    is  a   tendency    for   them  to  be 


surrounded  by  fibroblasts,  but  the  lesions  cannot 
be  regarded  as  definite  tubercles. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen 

Bacilli  are  distributed  in  moderately  large  numbers 
throughout  the  tissue.  In  many  situations  they  have 
produced  pale  areas  in  which  the  only  conspicuous 
elements  are  cells  resembling  young  fibroblasts  or 
endothelial  cells.  There  is  no  indication  that  the 
bacilli  are  multiplying. 


Summary. 

There  is  evidence  of  dissemination  but,  except  in  the  spleen,  bacilli  are  not  numerous.  They  have 
caused  only  slight  tissue  change.1 


(4.) 

VIRUS-A  VII. 
Animal  Inoculated.— Rat  125. 


'  Rat  125  was  inoculated  intraperitoneally  with  1  mg. 
of  culture  of  A  "VII,  and  was  killed  177  days  afterwards. 

Lungs. 

There  is  only  slight  evidence  of  infection.  A  few 
bacilli  are  present  and  are  occasionally  associated  with 
partial  cell  fusions,  but  there  are  no  definite  tubercles 
or  giant  cells. 

Liver. 

There  are  many  small  foci  consisting  of  partia'ly 


disintegrated  liver  cells  and  a  small  collection  of 
lymphocytes  and  leucocytes.  In  many  of  these  lesions 
bacilli  are  fairly  numerous  ;  they  also  occur  singly  in 
many  parts  of  the  tissue  showing  no  histological 
change. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

The  spleen  contains  several  small,  slightly  caseous 
foci  in  which  bacilli  are  scanty. 


SUMJIARY. 

The  bacilli  have  disseminated,  but  have  not  multiplied  freely,  and  have  produced  only  slight  tissue  change. 
The  liver  appears  to  be  the  most  susceptible  organ. 
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(5.) 

VIRUS-A  VII. 
Animal  Inoculated.— Rat  127. 


Eat  127  was  inoculated  intraperitoiieally  with  20  mg. 
of  culture  of  A  VII,  and  was  killed  82  days  afterwards. 

Lungs. 

There  are  no  definite  tubercles,  but  bacilli  are 
moderately  numerous  and  occur  in  all  parts  of  the 
specimen.  There  is  a  general  infiltration  of  wandering- 
cells,  amongst  which  lymphocytes  are  much  more 
numerous  than  leucocytes.  Round  some  of  the 
deposits  of  bacilli  these  cells  are  collected  in  large 
numbers. 

Liver. 

The  condition  of  the  liver  is  identical  with  that  of 
Rat  125,  with  the  exception  that  bacilli  are  rather 
more  numerous. 


Kidneys. 

Between  the  tubules  there  is  a  slight  degree  of 
infiltration  of  lymphocytes  and  leucocytes.  Bacilli  are 
generally  distributed  but  are  less  numerous  than  in 
the  liver.  Some  of  the  bacilli  are  found  within 
glomeruli. 

Bacilli  are  generally  distributed  and  have  grown  into 
small  groups.  There  is  a  slight  tendency  to  caseation 
in  some  of  the  places  where  groups  of  bacilli  occur. 

Bronchial  Gland. 

Masses  of  bacilli  are  present  in  many  parts  of  the 
gland.  Where  they  occur  the  cells  stain  faintly,  but 
there  is  only  slight  caseation.  Many  of  the  bacilli  are 
broken  uji.    There  is  no  rosette  formation. 


Summary. 

Generally  dissemination,  similar  to  that  found  in  Rat  125,  but  with  more  abundant  multiplication  of 
bacilli. 


(6.) 

VIRUS-A  VIII. 
Animal  Inoculated.— Rat  133. 


Rat  133  was  inoculated  mtraperitoneally  with  1  mg. 
of  culture  of  A  VIII,  and  was  killed  497  days  after- 
wards. Spleen. 
Lungs,  Liver,  and  Kidneys. 

Neither  lesions  nor  bacilli  have  been  found  in  the  There  are  a  few  small  lesions,  not  definitely  tuber- 
specimens  examined.  cuiar,  in  which  bacilli  occur  in  scanty  numbers. 

Summary. 

Slight  evidence  of  dissemination  in  the  spleen. 


.General 

I.— Subcutaneous  Inoculations. 

Although  Rat  122  received  a  very  large  dose  (100 
mg.),  the  animal  proved  highly  resistant.  There  are  a 
few  bacilli  in  the  liver  and  spleen,  but  there  is  very 
little  tissue  damage.  In  Rat  86  bacilli  are  fairly 
numerous  in  the  lungs,  though  the  dose  was  much 
smaller. 


Results. 

II. — Intraperitoneal  Inoculations. 

Most  of  the  animals,  even  after  the  relatively  small  dose 
of  1  mg.,  show  general  dissemination  of  bacilli  but  an 
absence  of  tubercle  formation.  In  all  except  two  of 
the  animals  the  bacilli  have  been  able  to  multiply 
abundantly  in  some  of  the  organs  The  bacilli  have 
multiplied  less  fi-eely  in  the  lungs  than  in  the  liver, 
.spleen,  and  lymphatic  glands. 


IX.-LESIONS  IN  OTHER  ANIMALS. 
(1.) 
VIRUS-P  II. 
Animal  Inoculated.— Cat  62. 


Cat  62  received  an  intraperitoneal  inoculation  of 
1  mg.  of  culture  of  P  II  (a  porcine  virus  with  avian 
characters),  and  died  73  days  afterwards. 


Lungs. 

The  alveolar  walls  show  many  small  patches  of 
thickening,  in  which  the  epithelial  cells  are  swollen 
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and  a  few  leucocytes  and  lymphocytes  are  present. 
There  is  no  caseation  and  no  histological  evidence 
of  tuberculosis.  No  fibrin  is  present.  Bacilli  are 
richly  distributed  throughout  the  tissue,  forming 
small  colonies  and  groups  of  colonies  visible  every- 
where with  a  low  power.  Some  of  the  colonies  have 
grown  in  the  form  of  a  rosette.  The  bacilli  are 
very  frequently  intracellular,  and  have  a  tendency  to 
wrap  themselves  round  cell  nuclei.  Bacilli  are  also 
frequently  found  within  blood-vessels.  The  bacilli 
are  uniformly  stained,  straight,  and  on  the  whole  very 
minute,  many  of  them  measuring  not  more  than  -5  fi 
in  length.  Forms  as  long  as  2-b  or  3  occur,  but  are 
rare,  and  the  average  length  is  not  more  than  1  /.i. 
There  is  very  little  tissue  reaction  relatively  to  the 
large  number  of  bacilli  present. 

Liver. 

Numerous  colonies  of  bacilli  are  scattered  through- 
out the  liver  siabstance.  The  bacilli  have  produced 
no  necrosis  and  no  proliferation  of  endothelial  cells, 
connective  tissue  cells,  or  parenchymatous  cells,  but 
there  is  an  abundant  infiltration  of  small  lymphocytes 
and  leucocytes  (chiefly  the  former),  and  some  pro- 
^  feration  of  bile  ducts.  The  absence  of  any  zone  of 
connective  tissue  or  other  cells  at  the  periphery  of  the 
foci  occupied  by  colonies  of  bacilli  •  is  noteworthy. 
In  the  centre  of  many  of  the  foci  the  walls  of  the 
blood  capillaries  have  broken  down,  and  there  is  an 
irregular  group  of  red  blood  corpuscles  without  any 
definite  boundary.  A  large  proportion  of  the  bacilli 
are  intracellular.  Both  cells  of  the  liver  parenchyma 
and  endothelial  cells  are  often  filled  with  them. 
Bacilli  are  also  found  within  large  lymphocytes  and 
leucocytes.    In  addition  to  the  definite  foci,  marked 


by  histological  change,  where  the  bacilli  occur  in 
colonies,  bacilli  are  found  in  small  numbers  in  the 
rest  of  the  tissue.  They  very  frequently  occur  within 
cells  of  the  liver  parenchyma,  and  are  sometimes 
found  within  blood  -  vessels.  Morphologically  the 
bacilli  resemble  those  found  in  the  lungs. 

Kidneys. 

No  histological  lesions  have  been  found.  A  few 
bacilli  occur  in  some  of  the  blood-vessels,  but  none 
have  been  found  in  other  situations. 

Splee/i. 

The  spleen  contains  dense  masses  of  bacilli,  which 
show  a  marked  tendency  to  intracellular  growth. 
Many  bacilli  are  present  within  blood-vessels. 

Sternal  Gland. 

In  specially  stained  specimens  the  gland  appears  to  be 
almost  a  solid  mass  of  bacilli.  Their  tendency  to  intra- 
cellular growth  is  very  conspicuous.  The  protoplasm  of 
the  majority  of  the  cells  is  entirely  replaced  by  bacilli  ; 
but  the  nuclei  have  not  been  attacked  and  still  retain 
their  staining  properties.  In  specimens  not  stained 
for  bacilli  the  absence  of  tissue  destruction,  or  any- 
thing in  the  nature  of  tubercle  formation,  is  very 
notable. 

Omentum. 

A  patch  cf  greatly  thickened  omentum  has  been 
examined  and  is  found  to  consist  of  an  almost  solid 
mass  of  bacilli.  The  relation  of  bacilli  to  cells  is  the 
same  as  in  the  sternal  gland. 


Summary.  « 

The  tissues,  except  the  kidneys,  are  swarming  with  bacilli,  which  have  a  marked  predilection  for  intra- 
cellular growth,  and  have  caused  very  little  tissue  destruction. 


(2.) 

VIRUS-P  III. 
Animal  Inoculated.— Dog  122. 


Dog  122  (pup)  was  inoculated  subcutaneously  with 
25  mg.  of  culture  of  P  III  (a  porcine  virus  with 
avian  characters),  and  was  killed  74  days  afterwards. 

Lungs. 

In  one  part  of  the  specimen  there  is  a  caseous 
nodule  which  is  surrounded  by  connective  tissue 
corpuscles  and  plasma  cells.  Within  the  nodule  there 
are  a  few  tubercle  bacilli.  Neither  lesions  nor  bacilli 
have  been  found  elsewhere. 

Liver. 

In  the  specimen  examined  there  is  one  focus  where 


the  liver  cells  are  swollen  and  distorted  and  are 
infiltrated  with  a  small  number  of  lymphocytes.  In 
this  area  one  or  two  tubercle  bacilli  have  been  found, 
and  there  are  a  few  fragments  of  fibrin. 

^  Kidneys  and  Spleen. 

No  lesions  or  bacilli  have  been  found. 

Iliac  Gland. 

There  are  no  histological  lesions,  but  bacilli  are 
present  in  small  numbers  and  are  almost  all  intra- 
cellular. 


Summary.  . 

There  has  been  some  dissemination  in  the  lungs  and  liver,  but  very  few  bacilli  have  survived  and  only 
a  small  amount  of  tissue  change  has  been  produced. 


(3.) 

*  VIRUS-A  X. 
Animal  Inoculated.— Dog  162. 


Dog  162  (a  pup)  was  inoculated  intravenously  with  Lungs. 
50  mg.  of  ciiltme  of  A  X,  and  was  killed  14&  days        There  is  some  general  thickening  of  the  alveolar 
afterwards.  -  .         -  walls  and  there  are  several  small,  suspicious  foci,  none 
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of  which  are  definite  enough  to  be  called  tubei-cles. 
No  bacilli  have  been  found. 

Liver. 

Throughout  the  tissue  there  are  numerous  minute 
foci  where  a  group  of  liver  cells  is  partially  damaged 

SOMl 

The  bacilli  have  almost  entirely  disappeared,  bu 


and  infiltrated  with  adventitious  cells.'^Three  tubercle 
bacilli  have  been  found  in  these  situations. 

Kidneys. 

No  tubercles  or  bacilli  have  been  found. 

i.RY. 

have  left  behind  minute,  retrogressive  lesions. 


(4.) 

VIRUS-P  III. 
Animal  Inoculated.— Mouse  67. 


Mouse  67  received  an  intraperitoneal  inoculation  with 
1  mg.  of  culture  of  P  III  (a  porcine  virus  with  avian 
characters),  and  was  killed  41  days  afterwards. 

Limgs. 

A  few  very  small  groups  of  bacilli  are  present  here 
and  there.  Some  of  them  are  associated  with  small 
collections  of  lymphocytes  and  leucocytes,  but  in  many 
instances  the  bacilli  have  produced  no  tissue  change. 

Liver. 

In  the  tissue  between  the  lobules,  bacilli  are  fairly 
numerous  and  have  grown  into   small  groups.  In 


these  situations  there  is  an  infiltration  of  cells  which 
are  chieflj'  lymphocytes.  The  bacilli  have  also  made 
their  way  in  small  numbers  into  the  interior  of  the 
lobules  and  are  often  found  either  within  or  adherent 
to  liver  cells. 

Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

Bacilli  are  scattered  throughout  the  organ,  and  in 
many  places  have  grown  into  small  groups.  No 
evidence  of  tissue  destruction  has  been  produced. 


Summary. 

Bacilli  are  multiplying  in  the  liver  and  spleen,  though  with  the  production  of  only  slight  tissue  change. 
They  appear  to  find  the  lungs  a  less  favourable  situation  for  their  growth. 


(5.) 

VIRUSES-A  IV  and  A  X. 
Animals  Inoculated.— Mice  84,  88,  and  105. 


These  three  animals  were  inoculated  subcutaneously. 
The  first  received  1  mg.  of  A  IV  and  died  200  days 
afterwards,  the  second  20  mg.  of  A  IV  and  died  143 
days  afterwards,  the  third  60  mg.  of  A  X  and  died 
105  days  afterwards. 

Specimens  of  the  lungs,  livers,  kidneys,  spleens,  and 
lymphatic  glands  have  been  examined.  All  three 
animals  present  very  much  the  same  appearances. 
The  organs  are  swarming  with  bacilli,  but  very  little 
tissue  destruction  has  been  produced  The  lungs,  in 
particular,  present  a  solid  mass  of  bacilli,  and  it  is 


difficult  to  understand  how  the  animals  were  able  to 
breathe.  In  all  three  cases  the  free  multiplication  of 
bacilli  must  have  been  attended  by  relatively  little 
pathogenic  effect.  The  amount  of  dose  seems  to  have 
had  some  effect  on  the  duration  of  life  ;  and  with 
regard  to  the  livers,  where  the  bacilli  are  not  so 
densely  packed  as  in  the  lungs,  it  is  noticeable  that 
the  growth  of  bacilli  is  most  cof)ious  in  the  animal 
which  received  the  smallest  dose  and  lived  t!je  longest 
time.* 


Summary. 

Dissemination  and  enormous  multiplication  of  bacilli  in  all  the  organs  of  the  body,  with  very  little  tissue 
change. 


(6.) 

VIRUS-P  III. 
Animal  Fed.— Pony  14. 


Pony  14  was  fed  with  600  mg.  of  culture  of  P  III  Lungs. 
(a  porcine  virus  with  avian  characters),  and  was  killed        No  bacilli  have  been  found,  and  no  lesions  sugges- 
138  days  afterwards.  tive  of  tuberculosis. 


Mouse  94,  which  died  27  days  after  intraperitoneal  inoculation  with  10  mg.  of  A  IV,  is  in  a  similar  condition  to  the 
above  animals.  Mouse  87,  which  died  277  days  after  subcutaneous  inoculation  of  10  rag.  of  A  IV,  shows  fewer  bacilli  in  the 
hver  and  none  in  the  kidneys.  Mouse  90,  which  died  280  days  after  subcutaneous  inoculation  with  40  mg.  of  A  IV,  resembles 
Mouse  87. 
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Liver. 

There  are  some  small  lesions  wbi  h  are  undergoing 
fibroid  change  and  are  infiltrated  wibh  lycnphocytes. 
These  might  have  been  due  to  tubercle  bacilli,  but 
none  have  been  found. 


Kidneys  and  Spleen, 
No  lesions  or  bacilli  have  been  found. 

Mesenteric  Gland. 
There  are  many  small  caseous  lesions  which  are  of 
a  chronic  type  and  contain  numerous   giant  cells. 
Bacilli  are  present  but  rare. 


Summary. 

No  definite  evidence  of  dissemination  beyond  the  nearest  glands. 


(7.) 

VIRUS-A  VII. 
Animal  Inoculated.— Pony  10. 


Pony  10  was  inoculated  subcutaneously  with 
100  mg.  of  culture  of  A  VII,  and  died  38  days  after- 
wards. 

Lungs. 

There  are  no  definite  lesions,  and  no  bacilli  have 
been  found. 

Liver. 

No  tubercle  bacilli  have  been  found.  Patches  of 
leucocytic  infiltration  are  present,  but  these  are 
associated  with  blue-staining  bacteria. 


Kidneys. 

No  lesions  or  bacilli  have  been  found. 

Spleen. 

There  are  f^everal  small  deposits  of  bacilli  which 
have  produced  slight  caseous  change. 

Prescapular  Gland. 

Bacilli  are  very  abundant.  They  often  occur  within 
giant  cells,  forming  a  ring  surrounded  by  a  peripheral 
row  of  nuclei.  There  are  no  definite  tubercles. 
The  main  feature  of  the  section  is  the  enormous 
number  of  multinucleate  cell  fusions  and  giant  cells. 


SUMMAKY. 

With  the  exception  of  the  spleen  there  is  no  evidence  of  dissemination  beyond  the  nearest  gland. 


(8.) 

VIRUS-A  VIII. 
Animal  Inoculated. — Pony  2. 

Pony  2  nas  inoculated  subcutaneously  with  50  mg.  Neither  tubercle  bacilli  nor  histological  evidence  of 
of  culture  of  A  VIII,  and  was  killed  158  days  after-  dissemination  has  been  found  in  the  specimens  of 
wards.  lungs,  liver,  kidneys,  and  spleen. 

Summary. 
No  evidence  of  dissemination. 


(9.) 

VIRUS-A  X. 
Animal  Inoculated.— Pony  32. 


Pony  .82  was  inoculated  intravenously  with  10  mg. 
of  culture  of  A  X,  and  died  15  days  afterwards. 

Lungs. 

The  tissue  is  congested  and  there  is  much  desquama.- 
tioa  of  epithelial  cells,  but  there  are  no  localised 
le^^ions.  Tubercle  bacilli  are  present  in  scanty  numbers. 
Other  bacilli  are  much  more  numerous. 


Kidneys. 

There  are  no  definite  lesions  but  a  few  tubercle 
bacilli  occur,  both  in  the  glomeruli  and  in  the  inter- 
stitial tissue. 

Sjdeen. 

A  few  tubercle  bacilli  are  present,  but  have  not  pro- 
duced any  lesions. 


Liver.  Prescapular  Gland. 

Tubercle  bacilli  are  present  in  scanty  numbers,  but  A  few  minute  caseous  foci  and  giant  cells  are  pre- 
have  produced  no  definite  lesions.  sent,  but  no  bacilli  have  been  found. 

Summary. 

The  bacilli  are  disseminated  in  small  numbers  but  show  no  signs  of  multiplication,  or  of  producing  pro- 
gressive disease. 


Histology — Phagocytosis  towards  Avian  Bacilli. 


207 


General  Results. 


Cat  62. — In  this  animal,  after  the  small  intraperi- 
toneal dose  of  1  mg.,  the  tissues  are  swarming  with 
bacilli,  which  have  a  maiked  predilection  for 
intracellular  growth  and  have  caused  very  little  tissue 
destruction. 

Dog  122  shows  a  high  resistance  to  25  mg.  inocu- 
lated subcutaneously.  The  bacilli  have  produced  a 
few  slight,  retrogressive  lesions  in  the  lungs  and 
liver. 

Dog  162  was  inoculated  intravenously  with  50  mg. 
In  most  species  of  animals  the  avian  bacillus  multi- 
plies abundantly  after  intravenous  inoculation,  but 
in  this  case  the  bacilli  have  almost  entirely  dis- 
appeared, and  have  left  behind  only  minute,  retro- 
gressive lesions. 

Mouse  67  has  reacted  in  the  same  way  as  the  rat 
after  intraperitoneal  inoculation. 

Three  mice,  inoculated  subcutaneously,  and  one 


inoculated  intraperitoneally,  show  general  dissemina- 
tion and  enormous  multiplication  of  bacilli,  with 
little  tissue  change.  In  two  other  mice,  inoculated 
subcutaneously,  the  bacilli  are  generally  disseminated 
but  in  relatively  scanty  numbers. 

Ponies  10  and  2. — Both  animals  were  inoculated 
subcutaneously,  the  former  with  100  mg.  and  the 
latter  with  50  mg.  In  the  former,  the  spleen  shows 
small  deposits  of  bacilli  which  have  produced  slight 
caseous  change,  but  otherwise  there  is  no  evidence  of 
dissemination  beyond  the  nearest  gland.  In  Puny  2 
none  of  the  organs  examined  (lungs,  liver,  kidneys, 
and  spleen)  show  evidence  of  dissemination. 

.Pony  14,  fed  with  600  mg.,  shows  no  dissemination 
beyond  the  nearest  glands. 

Fony  32,  inoculated  intravenously  with  10  mg., 
shows  general  dissemination  of  l.acilli  in  small 
numbers,  but  no  evidence  of  progressive  disease. 

Arthdr  Eastwood. 


THE  ACTION  OF  MAMMALIAN  FINELY  GRANULAR  OXYPHIL  LEUCOCYTES  UPON 

AVIAN  TUBERCLE  BACILLI. 


I.— Phagocytic  action  of  the  Calf's  Finely  Granular  Oxyphil  Leucocytes  upon  Avian  Tubercle  Bacilli. 


METHOD  OF  INOCULATION— INTRA. VENOUS. 


Number 
of 
Calf. 

Virus. 

Dose  of 
Bacilli. 

Duration 

of 
Experi- 
ment in 
Days. 

Organ 
Examined. 

Number  of 
Bacilli  present 
in  an  area  con- 
taining 1,000 
Leucocytes. 

Number  of 

Bacilli 
contained 
within 
Leucocytes. 

Percentage 
of 

Leucocytes 
containing 
Bacilli. 

Percentage 
of 
Bacilli 
within 

Leucocytes. 

524 

A  VIII. 

200  mg. 

30 

Lung- 

Very  abun- 

31 

1-8 

Very  small. 

dant. 

)I 

Livertt 

0 

0 

0 

Popliteal 

M- 

Very  few 

grland.ft 

544 

A  VIII. 

10  mg. 

33 

Lung. 

Very  abun- 

47 

2-4 

Very  small. 

dant. 

J) 

1) 

!) 

)» 

Liver 

Very  abun- 

29 

1-5 

Very  small. 

dant. 

V 

V 

u 

Portal  gland 

Enormous 

42 

2-0 

Very  small. 

560 

AX. 

9  cc.  of 

40 

Lung 

Very  abun- 

120 

60 

Small. 

emulsion. 

dant. 

M 

!) 

)) 

Liver 

Very  abun- 

18 

•7 

Very  small. 

dant. 

)) 

)> 

Popliteal 

^- 

0 

0 

0 

gland  tt 

566 

AX. 

5  cc.  of 

43t 

Lungtt 

0 

0 

0 

0 

emulsion. 

)) 

Liverft 

0 

0 

0 

0 

V 

)) 

Cervical 

Abundant 

36 

2'7 

Small. 

gland. 

588 

AX. 

5  cc.  of 

45 

Lung- 

Very  abun- 

102 

4-4 

Small. 

emulsion. 

dant. 

)) 

t! 

Liver 

Abundant 

13 

•5 

Very  small. 

(about  2,000). 

)) 

5) 

Mediastinal 

Very  abun- 

216 

6-9 

Rather 

gland. 

dant. 

small. 

564 

AX. 

9  cc.  of 

45 

Lung 

Very  abun- 

10 

•6 

Ver_y  small. 

emulsion. 

dant. 

») 

5) 

i: 

Liver 

Very  abun- 

55 

2-3 

Very  small. 

dant. 

)J 

Mediastinal 

Very  abun- 

19 

1-3 

Very  small. 

gland. 

dant. 

*  In  each  of  the  specimens  marked  thus,  bacilli  were  very  abundant,  but  leucocytes  were  rare,  less  than  1,000  being 
present  in  the  entire  area  of  the  section. 

t  This  animal  was  killed  ;  all  the  others  were  fatally  infected, 

SuMMAKT  (omitting  specimens  marked  thus  ft)- — In  an  area  containing  13,000  leucocytes  738  bacilli  were  found 
within  leucocytes,  the  percentage  of  leucocytes  containing  bacilli  being  2'5. 


37676 


27—2 
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THE  action  of  MAMMALIAN  FINELY  GRANULAR  OXYPHIL  LEUCOCYTES  UPON  AVIAN  TUBERCLE 

BACILLI — coHtiimcd. 

II.— Phagocytic  action  of  the  Swine's  Finely  Granular  Oxyphil'  Leucocytes  upon  Avian 

Tubercle  Bacilli. 


Number 
of 
Pig. 


Virus. 


Mode 
of 

Infection. 


Dose 
of 
Bacilli. 


Duration 
of  Experi- 
ment in 
Days. 


Organ 
Examined. 


Number  of 
Bacilli  present 
in  an  area  con- 
taining 1,000 
Leucocytes. 


Number 
of  Bacilli 

contained 
within 

Leucocytes. 


Percentage 
of 

Leucocytes 
containing 
Bacilli. 


Percentage 
of 

Bacilli 

within 
Leucocytes. 


848 


A  VIII 


Intravenous 


50  mg. 


47 


104 

178 

ji 

180 


PII. 
A  VII. 

!) 

A  VII. 


Intraperitoneal  j    10  mg. 
Feeding         100  mg. 


Subcutaneous 


182 


A  VII. 


Intraperitoneal 


236 


AX. 


Intravenous 


50  mg. 


69 


101 


105 


10  mg. 


106 


Tissue 
emulsion. 


120 


Lung 

Liver 

Spleen 

Portal  gland 

Liver 

Mesenteric 
gland. 
Lung 

Liver 

Mesenteric 
gland. 
Lung 

Liver 

Spleen 

Mesenteric 
gland. 
Lung 

Liver 

Spleen 

Mesenteric 
gland. 
Lung 

Liver 

Spleen 

Mesenteric 
gland. 


Very  abun- 
dant. 

Very  abun- 
dant. 

Very  abun- 
dant. 
7 

14 

Very  abun- 
dant. 
Enormous 

Very  abun- 
dant. 

448 

263 
16 

Abundant 

Very  abun- 
dant. 

Very  abun- 
dant. 

Abundant 

Enormous 


A  few 
191 
36 
28 

0 
0 

Very  large 
Very  large 
Very  large 

0 

0 

0 

315 
0 
18 
3 

Very  large 
A  few 
0 
0 

A  few 


t '  o 
2-0 
1-6 

0 
0 

46-5 
49-2 
26-4 
0 
0 
0 

19-2 

0 

•7 
•2 
45-0 

0 
0 


Very 
small. 
Very 
small. 
Very 
small. 
0 


Moder- 
ately high. 
Moderate. 

Moderate. 

0 

0 

0 

Relatively 
small, 

0 

Extremely 
small. 

Extremely 
small. 

Moderate. 


*  In  each  of  the  specimens  marked  thus,  bacilli  were  very  abundant,  but  leucocytes  were  rare,  less  than  1,000 
being  present  in  the  entire  area  of  the  section. 

SuMMAKY  (omitting  specimens  marked  thus  *). — In  an  area  containing  16,000  leucocytes  the  percentage  of 
leucocytes  containing  bacilli  was  12'4. 

A  Note  on  the  Coarsely  Granul.^r  Leucocytes  in  Swine. 

In  all  the  preceding  counts  of  1,000  leucocytes  the  No  bacilli  have  been  found  in  any  coarsely  granular 
coarsely  granular  cells  are  included.  In  the  majority  leucocytes  present  in  pigs  infected  with  mammalian 
of  cases  the  number  of  these  is  so  small  that  it  has  not  bacilli. 


been  found  necessary  to  make  a  separate  record  of 
them.  But  in  all  cases  where  these  cells  are  at  all 
numerous  they  have  been  specially  counted,  with 
results  shown  in  the  following  tables  : — 


(2.) 

Coarsely  Granular  Leucocytes  in  Swine  infected  with 
Avian  Bacilli. 


(!•) 

Coarsely  Granular  Leucocytes  in  Pigs  infected  with 
Mammalian  Bacilli. 

Number 
per  1,000 
Leucocytes. 

Number  of 
these  which 
contain 

Tissue. 

Number 
of  Pig. 

Number 
per  1,000 
Leucocytes. 

Tissue. 

Number 

Bacilli. 

of  Pig. 

37 

0 

Lung 

180 

22 
25 
28 
61 

Liver 

Submaxillary  lymphatic 
gland. 
Lung 

Tracheal  gland 

194 
20 
20 
92 

71 
76 
108 
122 

7 

12 
0 
0 

Mesenteric 
gland. 
Liver 

Mesenteric 
gland. 
Liver 

182 
178 
180 
180 

100 

Lung 

186 

200 

0 

Spleen 

180 

158 

Bronchial  gland 

186 

217 

0 

Liver 

248 

168 

Mesenteric  gland 

18 

255 

20 

Lung 

178 

215 

Spleen 

186 

280 

0 

Spleen 

248 

230 
268 

Lung 
Liver 

49 
186 

438 
529 

22 
0 

Mesenteric 

gland. 
Portal  gland 

178 
248 
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III.— Phagocytic  action  of  the  Rabbit's  Finely  Granular  Oxyphil  Leucocytes  in  early  Stages 

of  Infection  with  Avian  Tubercle  Bacilli. 

(a.)    EARLY  STAGES  OF  INFECTION. 


METHOD  OF  INOCULATION— INTRAVENOUS. 
Dose  foe  Each  Animal — 1  mg.  of  Cultuee  ob"  Vieus  A  X. 


Number 
of 

Animal, 

Duration  of 
Experiment. 

Organ 
Examined. 

Number  of  Bacilli 
present  in  an  area 
containing  1,000 
Leucocytes. 

Number  of 
Bacilli  con- 
tained within 
Leucocytes 

Percentage  of 
Leucocytes  con- 
taining Bacilli. 



Percentaji-e  of 
Bacilli  within 
Leucocytes. 

1552 

24  hours 

Lung 

3 

0 

0 

0 

)) 

II 

Liver 

56 

3 

0-3 

5-3 

») 

>) 

Spleen 

57 

3 

0-2 

5-2 

1553 

8  days 

Lung- 

63 

0 

0 

0 

») 

)) 

Liver 

66 

2 

0-2 

3-0 

J) 

(1 

Spleen 

344 

8 

0-7 

2-8 

1554 

5  days 

Lung 

03 

0 

0 

0 

» 

" 

Liver 

149 

4 

0-4 

2-6 

Spleen 

1,450 

38 

2-0 

2-6 

1793 

6  days 

Lung- 

51 

5 

•2 

10-0 

)> 

') 

Liver 

2,004 

10 

•6 

•5 

?> 

1  ,DOD 

o\j 

Q 
O 

•  i 

O  1 

1555 

8  days 

Lung 

162 

7 

0-5 

4-3 

)J 

)i 

Liver 

1,298 

11 

0-7 

0-8 

Spleen 

2,750 

74 

3-1 

2-6 

1792 

11  days 

Lung 

176 

0 

0 

0 

)J 

)) 

Liver* 

Very  abundant 

36 

2-7 

Very  small. 

n 

Spleen* 

Very  abundant 

30 

1-9 

Very  small. 

1556 

14  days 

Lung 

53 

0 

0 

0 

•> 

1) 

Liver* 

Abundant  colonies 

4 

0-4 

Very  small. 

)» 

)? 

Spleen*© 

11 

0-8 

)» 

Note. — A  lymphatic  gland  from  each  of  the  above  animals  has  also  been  examined.  In  the  24  hours'  and  3  days' 
specimens  no  bacilli  were  foiind  in  the  areas  containing  1,000  leucocytes  ;  in  the  5  days'  specimen  7  bacilli  were  found 
in  a  similar  area,  in  the  6  days'  specimen  there  were  20  bacilli,  in  the  8  days'  specimen  229  bacilli,  and  in  the  11  and  14 
days'  specimens  the  bacilli  had  grown  into  numerous  colonies  ;  in  no  case  were  any  bacilli  found  within  leucocytes. 

Summary  (omitting  specimens  marked  thus  *). — In  an  area  containing  17,000  leucocytes  10,431  bacilli  were  found  ; 
221  of  these  were  within  leucocytes,  the  percentage  of  leucocytes  containing  bacilli  being  '7,  and  the  i^ercentage  of 
bacilli  within  leucocytes  2-5. 


Phagocytic  action  of  the  Rabbit's  Finely  Granular  Oxyphil  Leucocytes  upon  Avian  Tubercle  Bacilli. 


(&.)    LATER  STAGES  OF  INFECTION. 


Number 

of 
Animal. 

Virus. 

Dose  of 
Bacilli. 

Mode  of 
Inoculation. 

Duration 

of 
Experi- 
ment in 
Days. 

Organ 
Examined. 

Number  of 
Bacilli  present 
in  an  area 
containing 

1,000 
Leucocytes. 

Number 
of  Bacilli 
contained 
within 
Leuco- 
cytes. 

Percentage 
of  Leuco- 
cytes con- 
taining 
Bacilli. 

Percentage 
of  Bacilli 
within 
Leuco- 
cytes. 

294 

PH. 

50  mg. 

Intra- 

13 

Lung 

286 

6 

•4 

2-1 

peritoneal. 

}» 

!) 

91 

11 

Liver 

Very  abun- 

13 

•9 

Very 

dant. 

small. 

!) 

1) 

11 

11 

11 

Spleen 

Very  abun- 

47 

2 

Very 

dant. 

small. 
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PHAGOCYTIC  action  OF  THE  RABBIT'S  FINELY  GRANULAR  OXYPHIL  LEUCOCYTES  UPON  AVIAN 

TUBERCLE  BACILLI— continued. 


Number 
of 

Animal. 


Virus. 


1791 


292 


775 


326 


880 


957 


AX. 


PII. 


P  XXVII 


PII. 


PXXI. 


A  V. 


Dose 
of 
Bacilli, 


Mode  of 
Inoculation. 


1  mg. 


1  mg. 


1  m"-. 


5  mg. 


■001  mgr. 


10  mg. 


Intravenous 


Intra- 
peritoneal. 


Intravenous 


Subcutaneous 


Intravenous 


Subcutaneous 


Duration 
of  Experi- 
ment in 
Days. 

Organ 
Examined, 

Number  of 
Bacilli  present 
in  an  area 
containing 
1,000  Lieuco- 
cytes. 

A  umber 
01  Bacilli 
contained 
within 
Leuco- 
cytes. 

Percentage 
of  Leuco- 
cytes con- 
taining 
Bacilli 

Percentage 
of  Bacilli 
within 
Leuco- 
cytes. 

18 

Lung- 

Numerous 

0 

0 

0 

(about  2,000). 

)) 

Liver 

Very  abun- 

32 

1-3 

Very 

dant. 

small. 

'>) 

Spleen 

Enormous 

22 

•9 

Verv 

small. 

22 

Lung 

Very  abun- 

11 

■6 

Very 

dant. 

small. 

J) 

Liver 

Very  abun- 

43 

2-1 

Very 

dant. 

small. 

" 

Spleen 

Very  abun- 

79 

3-4 

Very 

dant. 

small. 

25 

Lung 

Abundant 

0 

0 

0 

Liverf 

* 

0 

0 

0 

Spleenf 

Enormous 

A  few 

Small 

Very 

clumps. 

small. 

69 

Lung 

137 

0 

0 

0 

Liver 

13 

0 

0 

0 

)) 

Mesenteric 

Very  abun- 

0 

0 

0 

gland. 

dant. 

140 

Lung 

Abundant 

0 

0 

0 

Liver 

16 

0 

0 

0 

Spleen 

116 

0 

0 

0 

168 

Lung- 

Abundant 

82 

5-1 

Rather 

small. 

)» 

Liver 

5 

0 

0 

0 

)» 

Spleenf 

0 

0 

0 

0 

*  In  the  specimen  marked  thus,  bacilli  were  very  abundant  but  leucocytes  were  rare,  less  than  1,000  being 
present  in  the  entire  area  of  the  section.  „  ^    oor  ,     -n-  j-  j 

SUMMAKY  (omitting  specimens  marked  thus  t)-— I^i  an  area  containing  18,000  leucocytes  335  baciUi  were  touna 
within  leucocytes,  the  percentage  of  leucocytes  containing  bacilli  being  1. 


IV.— Phagocytic  action  of  the  Goat's  Finely  Granular  Oxyphil  Leucocytes  in  Tissues  Infected 

with  Avian  Bacilli. 


In  several  of  the  specimens  infected  with  avian 
tubercle  bacilli,  the  bacilli  have  been  too  abundant  to 
count  or  even  to  estimate  -with  any  approach  to 
accuracy,  and  it  has  not  been  found  possible  in  these 
cases  to  ob+ain  a  reliable  differential  stain  for  the 
leucocytes.  But  from  the  general  appearance  of  the 
cells  present  in  these  tissues  there  is  every  indication 


that  the  action  of  the  leucocytes  upon  the  bacilli  is 
very  slight.  This  evidence  is  corroborated  by  five 
cases  in  which  it  has  been  found  possible  to  make  a 
count.  In  all  five,  bacilli  are  very  abundant.  The 
numbers  of  bacilli  within  leucocytes  are,  respectively, 
0,  3,  .3,  7,  45.  The  corresponding  percentages  of 
leucocytes  containing  bacilli  are  0,  '2,  '2,  '3,  1"5. 


Summary. 


Leucocytes  do  not  play  an  important  part  in  attack- 
ing the  avian  tubercle  bacillus.  In  some  cases,  notably 
in  swine,  the  percentage  of  leucocytes  found  to  contain 
bacilli  isjvery  high,  but  these  are  cases  where  the 


tissues  are  swarming  with  bacilli,  which  have  made 
their  way  in  large  numbers  into  every  sort  of  cell 
capable  of  ingesting  bacilli. 


Bacteriology — Cultural  Characters  of  Bovine  Viruses. 


211 


PART  III. 


COMPARATIVE  BACTERIOLOGY. 


I.-ADDITIONAL  OBSERVATIONS  ON  THE  CULTURAL  CHARACTERS  OF 

BOVINE  VIRUSES, 


CULTURAL  CHARACTERS  OF  INDIVIDUAL  STRAINS.* 


Since  the  publication  of  my  last  Report  no 
new  bovine  viruses  have  been  investigated,  but 
additional  experimental  animals  have  been  iaocu- 
lated  with  the  old  viruses  and  the  characters  of 
the  cultures  obtained  from  them  have  been  studied. 
As  a  convenient  distinction  from  the  term  "  virus." 
which  is  used  to  designate  all  the  bacilli  derived 
from  a  spontaneously  infected  bovine  which  formed 
a  starting-point  of  the  investigations,    these  cul- 


tures raised  from  particular  animals  are  termed 
"  strains." 

I  have  examined  31  additional  strains,  and  classified 
them  on  the  same  prmciple  and  by  the  same  methods 
as  in  my  previous  Report.  They  are  arranged,  accord- 
ing to  their  abundance  of  growth,  in  Grades  I,  II,  III, 
&c.,  which  form  an  ascending  scale,  Grade  I  being  the 
class  containing  the  cultures  which  grow  least  well  on 
the  test  media. 


VIRUS-B  IV. 
(15.) 

Strain. — Chimpanzee  22. 


Material  Received. — Primary  culture,  54  days  old, 
isolated  from  Chimpanzee  22. 

Cultural  Characters. — Growth  was  satisfactory  on 
serum.  On  broth  the  surface  was  covered  in  five 
weeks  with  a  moderately  thick  pellicle  which  after- 


wards exhibited  some  tendency  to  sink,  but  many 
thin  patches  remained  floating.  On  glycerin-agar 
growth  was  poor  ;  it  consisted  of  a  thin  grey  layer 
with  slightly  granular  patches.  On  potato  growth 
was  scanty  and  non-pigmented. 


Classification. 
Amongst  the  average  growths  of  Grade  II. 


(16.) 

Strain. — DoG  116.  {Lung.) 


Material  Received. — Two  cultures  were  received, 
being  the  7th  and  the  4th  generations  of  cultures 
isolated  from  difEerent  parts  of  the  lung  of  Dog  116 
(pup). 

Cultural  Characters. — Both  cultures  grew  rather 
poorly  on  serum.    On  broth  one  of  them  formed  a 


thin  grey  pellicle  which  covered  the  surface  in  three 
weeks  and  exhibited  no  subsequent  change  ;  the 
other  grew  more  slowly,  producing  a  thin  pellicle 
which  was  speckled  with  granular  points.  On 
glycerin-agar  a  scanty  grey  layer  with  a  few  raised 
colonies  was  produced.  On  potato  the  growths  were 
very  scanty  and  non-pigmented. 


Classification. 
Amongst  the  poorer  growths  of  Grade  II. 


(17.) 

Strain. — DoG  116.    {Mesenteric  Gland.) 


Material  Received. — Fourth  generation,  7  days  old, 
of  culture  isolated  from  the  mesenteric  gland  of 
D05  116  (pup). 

Cultural  Characters. — The  growths  on  serum  were 
rather  poor.    On  broth  the  surface  was  about  two- 


thirds  covered  in  a  month  and  then  growth  ceased  ; 
the  pellicle  was  rather  thick  and  granular.  On 
glycerin-agar  growth  was  scanty  ;  some  thin  grey 
streaks  appeared  but  very  little  was  to  be  seen  on  the 
rest  of  the  surface.  On  potato  the  growth  was  very 
scanty  and  non-pigmented. 


Classification. 
Amongst  the  poorer  growths  in  Grade  II. 
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(18.) 

Strain. — DoG  150. 


Material  Received. — Third  generation,  8  days  old, 
of  culture  isolated  from  Dog  150  (pup). 

Cultural  Characters  — Good  growths  were  obtained 
on  serum.  On  broth  growth  was  very  poor,  no  more 
than  a  few  delicate  islands  being  obtained  ;  at  the 


end  of  two  months  no  more  than  half  the  surface  was 
covered.  On  glycerin-agar  the  growth  consisted  of  a 
grey  haze,  with  a  few  denser  patches.  On  potato  the 
growth  was  very  scanty  and  non-pigmented. 

The  bacilli  exhibited  only  slight  morphological 
divergence  from  the  serum  type. 


Classification. 
An  average  growth  of  Grade  I. 


(19.) 

Strain.— G.Y.  2528  from  DoG  150. 


Material  Received. — Fourth  generation,  8  days  old, 
of  cultuie  isolated  from  G.P.  2528,  which  had  been 
inoculated  from  Dog  150. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  no  more  than  a  few  delicate 
islands  were  formed  ;  these  had  covered  about  half 


the  surface  at  the  end  of  two  months.  On  glycerin- 
agar  the  growth  consisted  of  a  grey  haze,  amongst 
which  were  some  colonies  which  commenced  to  develop 
during  the  second  month,  and  finally  became  large 
and  raised.  On  potato  there  was  a  very  slight  increase. 

The  bacilli  exhibited  only  slight  divergence  from 
the  serum  type. 


Classification. 
Identical  with  the  preceding  strain.  . 


(20.) 

Strain.— RABBI'S  1899. 

Material  Received. — Primary  culture,  37  days  old.  Cultural  Characters. — Growths  on  the  test  [media 
isolated  from  Rabbit  1899.  were  poor,  and  identical  with  those  of    the  two 

preceding  strains. 

Classification. 
Identical  with  the  two  preceding  strains. 


(21.) 

iSiraiw.— Fowl  394. 


Material  Received. — Primary  culture,  81  days  old, 
isolated  from  Fowl  394. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  the  surface  was  covered  in  14 


days  with  a  rather  thin  and  unequal  pellicle  which 
subsequently  showed  a  tendency  to  sink.  On  glycerin- 
agar  the  growth  was  unequal  but  moderately  thick 
in  places,  with  some  raised  colonies.  On  potato  a 
rather  scanty  white  growth  was  obtained. 


Classification. 
About  the  average  of  Grade  III. 


VIRUS-B  VIL 
(2.) 

Strains. — Fowls  442  and  444. 


Material  Received. — Primary  culture,  56  days  old, 
from  Fowl  442,  and  third  generation,  7  days  old,  of 
culture  from  Fowl  444. 

Cultured  Characters. — The  two  strains  proved  to  be 
identical  in  characters.    Good  growths  were  obtained 


on  serum.  On  broth  the  surfaces  became  covered  in 
14  days  with  rather  thin  and  unequal  pellicles, 
which  soon  afterwards  became  moist  and  sank.  On 
glycerin-agar  fairly  thick  layers  were  formed  with 
a  few  fine  wrinkles  and  warts.  On  potato  the  growths 
were  pale  and  rather  scanty. 


Classification 


Amongst  the  better  growths  of  Grade  III. 
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VIRUS— B  VIII. 
(2.) 

Strain. — DoG  156. 


Material  Received.— Pv\ma,vy  culture,  47  days  old, 
isolated  from  Dog  156  (pup). 

Cultural  Characters— Grood  growths  were  obtained 
on  serum.  On  broth  the  surface  had  become  covered 
with  a  thin  opaque  film  at  the  end  of  the  third  week  ; 
the  pellicle  then  became  moist  and  sank.    On  glycerin- 


agar  a  thin  grey  layer  with  some  denser  streaks  was 
obtained.  On  potato  there  was  a  very  thin,  white 
growth. 

On  broth,  in  a  24  days'  film,  the  bacilli  varied  in 
length  from  2  to  6  or  7  /t ;  on  potato,  in  a  56  days 
film,  they  measured  from  1  to  b  fi  ;  and  on  glycerin- 
agar,  in  a  45  diys'  film,  from  1  to  3 


Classification. 
An  average  growth  of  Grade  II. 


(3.) 

Strain.— G.F.  2921  from  DoG  142. 

Material  Received. — Second  generation,  10  days  old,  Cultural  Characters. — Good  growths  were  obtained 
of  culture  isolated  from  G.P.  2921,  which  was  inocu-  on  serum.  On  other  media  the  growths  resembled 
lated  from  Dog  142.  those  of  the  preceding  strain, 

Glassikigation. 
An  average  growth  of  Grade  II. 


VIRUS-B  IX. 
(15.) 

Strain. — Chimpanzee  18. 


Material  Received. — Seventh  generation,  13  days 
old,  of  culture  isolated  from  Chimpanzee  18. 

Cultural  Characters. — Growth  on  serum  was  satis- 
factory. On  broth,  in  the  earlier  cultures,  very  little 
growth  was  obtained  ;  a  later  culture  covered  rather 
more  than  half  the  surface  with  a  somewhat  thick 
pellicle  which  soon  became  moist  and  sank.  On 
glycerin-agar  growth  was  very  poor  ;  fairly  large, 
discrete  colonies  developed  out  of  particles  of  the 


inoculated  material,  but  on  the  rest  of  the  surface 
little  more  than  a  grey  haze  was  formed  ;  with  later 
cultures  a  thin,  uniform,  grey  layer  was  obtained.  On 
potato  the  surface  became  slowly  covered  with  small 
dry,  white  colonies. 

On  broth  the  bacilli  were  much  longer  and  more 
irregularly  staiued  than  the  serum  type  ;  on  other 
media  only  a  slight  divergence  from  the  serum  type 
was  noted. 


Classification. 


An  average  growth  of  Grade  II. 


.16.) 

Strain.— Hog  130. 


Material  Received. — Fifth  generation,  7  days  old, 
of  culture  isolated  from  Dog  130. 

Cultural  Characters. — Growths  on  serum  were  satis- 
factory. On  broth,  a  grey,  rather  dense  pellicle  was 
readily  formed  but  became  moist  and  sank  before  the 
surface  was  covered.  On  glycerin-agar  growth  was 
moderately  rapid  during  the  first  month  and  then 
ceased  ;  it  appeared  as  grey,  granular  streaks  which 


though  fairly  dense  did  not  completely  cover  the 
surface.  On  potato,  a  moderate  amount  of  grey 
growth  was  obtained. 

On  potato,  in  a  56  days'  film,  the  bacilli  varied  in 
length  from  1  to  5  or  6  /t  and  were  generally  curved 
and  beaded.  On  other  media  there  was  only  a  slight 
divergence  from  the  serum  type,  but  irregularly 
stained  forms  were  noted. 


Classification. 
Amongst  the  poorer  growths  in  Grade  III. 


(17.) 

Strain.— DOQ  136. 


Material  Received. — Third  generation,  17  days  old, 
of  culture  isolated  from  Dog  136  (pup). 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  growth  commenced  rapidly  but 
was  of  the  moist  type,  and  sank  when  the  surface  had 
become  about  half  covered.  On  glycerin-agar  the 
surface  was  covered,  though  not  equally,  with  thick. 


raised  patches  which  showed  no  sign  of  becoming 
warty  or  wrinkled.  On  potato  the  surface  was  fairly 
well  covered  with  raised  cream-coloured  colonies. 

On  potato,  in  a  56  days'  film,  the  bacilli  varied  in 
length  from  1  to  6  ju  ;  most  of  them  were  curved  and 
about  half  were  beaded.  On  glyceria-agar  the  bacUli 
only  deviated  slightly  from  the  serum  type. 


Classification. 
Amongst  the  better  growths  of  Grade  III. 
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(18.) 

Strain.— G.F.  2935  from  DoG  136. 


Material  Received.— Second  generation,  10  days  old, 
of  culture  isolated  from  G.P.  2935,  which  had  been 
inoculated  from  Dog  186. 

Cultural  Characters.— Good  growths  were  obtained 


on  serum.  On  broth  the  surface  became  covered  in 
five  weeks  with  a  rather  thin,  opaque  pellicle  which 
showed  no  tendency  to  sink.  On  glycerin-agar  and 
potato  the  growths  were  identical  with  those  of  the 
preceding  strain. 


Classification. 
Amongst  the  better  growths  of  Grade  III. 


(19.) 

Strain. — Monkey  126. 


Material  Received. — Second  generation,  24  days  old, 
of  culture  isolated  from  Monkey  126. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  the  surface  was  readily  covered 
with  an  opaque  pellicle  which  rapidly  became  moist 
and  sank.    On  glycerin-agar  a  moderately  abundant 


granular  growth  was  obtained.  On  potato  the  growth 
was  moderately  abundant  and  non-pigmented. 

On  potato,  in  a  56  days'  film,  the  bacilli  varied  in 
length  from  '75  to  5  and  a  considerable  number 
were  irregularly  stained.  On  other  media  the  bacilli 
diverged  only  slightly  from  the  serum  type. 


Classification. 
Amongst  the  average  growths  of  Grade  III. 


(20.) 

Strain. — Monkey  152. 


Material  Received. — Third  generation,  12  days  old, 
of  culture  isolated  from  Monkey  152. 

Cultural  Characters.  —  Growths  on  serum  were 
satisfactory.  On  broth  portions  of  a  thick,  moist 
pellicle  were  formed,  but  these  sank  before  the  surface 


was  half  covered.  On  glycerin-agar  growth  was  very 
poor ;  with  the  exception  of  some  fairly  large, 
discrete  colonies,  the  growth  was  very  little  denser 
than  a  grey  baze.  On  potato  the  surface  was  covered 
with  a  thinnish  layer,  amongst  which  were  several 
raised  yellowish  colonies. 


Classification. 
Amongst  the  poorer  growths  in  Grade  IE. 


(21.) 

Strains. — Fowls  430  and  432. 


Material  Received. — Primary  cultures,  63  and  48 
days  old  isolated,  respectively  from  Fowls  430  and 
432. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  the  surfaces  became  covered 
with  moderately  thick  pellicles  in  a  fortnight.  The 


growths  then  became  moist  and  sank.  On  glycerin- 
agar  growth  was  rapid  during  the  first  fortnight, 
forming  fairly  thick  and  finely  wrinkled  layers. 
Subsequently  very  little  increase  took  place.  On 
potato  moderately  good,  raised,  white  growths  were 
obtained. 


Classification. 
Amongst  the  best  growths  of  Grade  III. 


•VIRUS-B  XII. 
(3.) 

Straiit.—T)0G  160. 


Material  Received. — Fourth  generation,  8  days  old, 
of  culture  isolated  from  Dog  160  (pup). 

Cidtural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  no  more  than  thin,  scattered 


islands  were  obtained  ;  these  had  covered  about  lialf 
the  surface  at  the  end  of  the  second  month.  On 
glycerin-agar  there  was  no  more  than  a  grey  haze  at 
the  end  of  two  months.  On  potato  no  growth  was 
visible. 


Classification. 
Amongst  the  poorest  growths  of  Grade  I. 


(4.) 

Strain. — PoNY  6. 

Material  Received. — Fifth  generation,  68  days  old,  on  serum.  On  broth  the  cultures  failed.  On  glycerin- 
of  culture  isolated  from  Pony  6.  agar  a  grey,  rather  scanty  layer,  but  with  some  denser 

patches,  was  slowly  formed.    Oq  potato  there  was  a 
Cultural  Characters. — Good  growths  were  obtained     moderate  amount  of  grey  growth. 

C;.ass:fication. 


Amongst  the  better  growths  of  Grade  I. 
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vmus-B  XXII. 

(3.) 

Strain.— DoQ  126. 


Material  Eeceivcd— Sixth  generation,  7  days  old, 
isolated  from  Dog  126  (pup). 

Cultural  Characters. — Growths  on  serum  were 
satisfactory.  On  broth  the  surface  was  rapidly 
covered  with  a  thin,  grey,  moist  growth,  most  of 


which  soon  fell  to  the  bottom,  but  a  few  denser 
patches  remained  floating.  On  glycerin-agar  a  dull 
grey  layer  covered  the  surface  in  a  fortnight  and 
gradually  became  moderately  dense.  On  potato  a 
scanty,  non-pigmented  growth  was  obtained. 


Classification. 
Amongst  the  average  growths  of  Grade  III. 


vmus-B  XXVI. 

(2.) 

Strain. — Fowl  84. 


Material  Received. — Primary  culture,  37  days  old, 
isolated  from  the  lung  of  Fowl  84. 

Cultural  Characters. — Growths  on  serum  were 
satisfactory.  On  broth  the  surface  was  covered  in 
about  three  weeks  with  a  moderately  thick  layer 


showing  no  tendency  to  sink  ;  it  remained  floating 
at  the  end  of  the  second  month.  On  glycerin-agar 
growth  was  very  scanty,  amounting  to  not  much 
more  than  a  grey  haze.  On  potato  growth  was 
rather  poor,  but  some  isolated,  fairly  large,  cream- 
coloured  colonies  were  forme 


Classific  >.t;jn. 
Amongst  the  average  cultures  of  Grade  II. 


(3.) 

Strain. — Fowl  4-50. 

Material  Received. — Third  generation,  seven  days  Cidiural  Characters. — The  growths  on  test  media 
old,  of  culture  isolated  fi'om  Fowl  450.  proved  identical  with  those  of  the  preceding  strain. 

Classification. 

Identical  with  the  precediug  strain.  t 


(4.) 

Strain. — Fowl  516. 

Material  Received. — Pi-imary  culture,  40  days  old,  obtained  on  serum,  but  on  glycerin-agar  the  growth 
isolated  from  Fowl  516.  was  poor,  amounting  to  a  little  more  than  a  grey 

Cultural   Characters. — Fairly   good   growths   were  haze. 

Classification. 

Amongst  the  better  growths  of  Grade  I. 


(5.) 

Strain.— G.V.  3331. 

Material  Received. — Third  generation,  22  days  old,  on  serum.  On  glycerin-agar  the  growth  was  scanty 
of  culture  isolated  from  G.P.  3331.  and  unequal,  being  in  places  no  more  than  a  grey 

Cultural  Characters. — Good  growths  were  obtained  haze. 

Classification. 
Amongst  the  poorer  growths  of  Grade  II. 


(6.) 

Strain. — Parrot  6. 


Material  Received. — Primary  culture,  63  days  old, 
isolated  from  Parrot  6. 

Cultural  Char  act  ers.—GooA.  growths  were  obtained 
on  serum.    On  broth  some  small,  thin  islands  were 


formed.  On  glycerin-agar  the  layer  on  most  of  the 
surface  was  very  thin,  but  a  few  large  CDloaies  were 
formed.  On  potato  growth  was  scanty  and  m  n- 
pigmented. 


Classification. 


Amongst  the  better  growths  of  Grade  I. 
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(7.) 

Strain. — Parrot  8. 

Material  Received.— Third  generation,  13  days  old,  on  serum.  On  broth  no  more  than  a  few  specks  were 
of  culture  isolated  from  Parrot  8.  seen.    On  glycerin-agar  there  was  slightly  more  than 

Cultural  Characters. — Good  growths  were  obtained     a  grey  haze.    On  potato  growth  was  very  slight. 

Classification, 
Amongst  the  average  growths  of  Grade  I. 


(8.) 

Strains.— UABBira  1903,  1904,  and  1908. 

Material  Received. — Primary  cultures  59,  54  and  44  Cultural  Characters. — Good  growths  were  obtained 
days  old,  isolated  respectively  from  Rabbits  1903,  1904  on  serum.  On  glycerin-agar  the  growths  were  all  poor, 
and  1908.  amounting  to  slightly  more  than  a  grey  haze. 

Classification. 
Amongst  the  better  growths  of  Grade  I. 


classification  of  bovine  strains. 


Grade, 

Cultural  Vigour  Relative 
to  Grade. 

Virus. 
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J 
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COMPARISON  WITH  PREVIOUS  RESULTS. 


My  results,  compared  with  those  previously  reported, 
are  as  follows  : — 

Vims—B  IV. 

No.  of  strains  previously  reported — 14,  viz.,  11  in 
Grade  I,  1  in  Grade  II  (Dog  116),  1  in  Grade  III 
(Dog  92),  and  1  in  Grade  IV  (Dog  18). 

No.  of  new  strains — 7,  viz.,  3  in  Grade  I  (2  from 
Dog  150  and  1  from  Rabbit  1899),  3  in  Grade  II 
(2  from  Dog  116  and  1  from  Chimpanzee  22),  1  in 
Grade  III  (Fowl  394). 

Virus— B  VII. 

One  strain  previously  reported,  in  Grade  II. 
Two  new  strains,  both  in  Grade  III  (Fowls  442  and 
444). 

Virus— B  VIII. 

One  strain  previously  reported,  in  Grade  II. 
Two  new  strains,  both  in  Grade  II  (Dogs  142  and 
156). 

Virus— B  IX. 

No.  of  strains  previously  reported — 14,  viz.,  13  in 
Grade  III  and  1  in  Grade  IV  (Dog  50). 

No.  of  new  strains — 8,  viz.,  2  in  Grade  II  (Monkey 
152  and  Chimpanzee  18),  and  6  in  Grade  III  (3  from 
Dogs  126  and  136,  2  from  Fowls  430  and  432,  and  1 
from  Monkey  126). 


Virus— B  XII. 

Two  strains  previously  reported,  1  in  Grade  I  and 
1  in  Grade  II. 

Two  new  strains,  both  in  Grade  I  (Dog  160  and 
Pony  6). 


Virus— B  XXII. 

Two  strains  previously  reported,  1  in  Grade  I  and 
1  in  Grade  III  (Dog  72). 

One  new  strain,  in  Grade  III  (Dog  126). 

Virus— B  XXVI. 

One  strain  previously  reported,  in  Grade  II. 

Nine  new  strains,  6  in  Grade  I  (Rabbits  1903,  1904, 
1908,  Parrots  6  and  8,  Fowl  516),  and  3  in  Grade  II 
(Fowls  84  and  450,  G.P.  3331). 


Results. 

Compared  with  former  results,  the  new  strains  do 
not  exhibit  any  very  important  diiierences.  Some- 
times, though  not  invariably,  a  change  in  the  direction 
of  increased  luxuriance  has  been  observed  after  resi- 
dence in  the  tissues  of  a  dog.  The  results  on  birds, 
taken  as  a  whole,  show  very  little  evidence  of  modifi- 
cation, though  in  some  instances  the  cultures  recovered 
from  birds  have  grown  rather  better  than  previously. 
Their  characters  have  always  remained  in  strict  con- 
formity to  the  mammalian  type. 


27676 


29 


218 


Bacteriology —Cultural  Characters  of  Human  Viruses. 


II.-ADDITIONAL  OBSERVATIONS  ON  THE  CULTURAL  CHARACTERS  OF 

HUMAN  VIRUSES. 


CULTURAL  CHARACTERS  OP  INDIVIDUAL  STRAINS. 

On  two  viruses,  H  13.  A.D.  and  H  53.  D.H.  I  have  reported  previously  ;  I  now  add  observations  on  15 
additional  strains  belonging  to  these  viruses.  109  strains  belonging  to  44  new  viruses  have  also  been 
iavestigated. 


VIRUS— H  13.  A.D. 

(Human  Bronchial  Glands  and  S'pleen— continued.) 
(4.) 

Strahi. — Calf  1175.    {Mediastinal  Gland.) 


Material  Received. — Fifteenth  generation,  26  days 
old,  of  culture  isolated  from  a  mediastinal  gland  of 
Calf  1175. 

Cultural  Characters. — G-ood  growths  were  obtained 
on  serum.     On  broth  a  thick  pellicle  was  slowly 


formed  ;  about  three-quarters  of  the  surface  were 
covered  in  6  weeks,  and  then  growth  ceased.  On 
glycerin-agar  an  abundant,  wrinkled  and  warty  growth 
was  very  rapidly  formed.  On  potato  growth  was 
rapid  and  abundant,  yielding  a  brick- red  pigment. 


Classification. 
Amongst  the  poorer  growths  oi  Grade  V. 


(5.) 

Strain. — Calf  1177.    (Prescapular  Gland.) 


Material  Received. — Third  generation,  26  days  old,  of 
culture  isolated  from  the  prescapular  gland  of  Calf 
1177. 

Cultural  Characters. — Growth  was  satisfactory  on 
serum.  On  broth  a  thin  pellicle,  forming  irregular 
patches,  some  translucent  and  some  opaque,  covered 


most  of  the  surface  in  a  month  and  then  rapidly 
became  moist  and  sank.  On  glycerin-agar  no  more 
than  a  grey  haze  was  formed.  On  potato  no  growth 
was  visible  to  the  raked  eye,  but  microscopically  bacilli 
were  found  which,  though  resembling  serum  bacilli  in 
type,  were  evidently  new  growths. 


Classification. 
Amongst  the  poorer  growths  of  Grade  I. 


(6.) 

Strain.— GkhF  1177.  (Spleen.) 

Material  Received. — Third  generation,  26  days  old,  with  the  preceding  strain.  On  glycerin-agar  a  little 
of  culture  isolated  from  the  spleen  of  Calf  1177.  more  than  a  grey  haze  was  formed.    On  potato  there 

was  a  very  scanty,  non-pigmented  layer. 

Cultural  Characters. — Satisfactory  growths  were  On  glycerin-agar  some  thickened,  club  shaped  forms 
obtained  on  serum.    On  broth  growth  was  the  same  as   -  were  observed. 

Classification. 
About  the  average  growth  of  Grade  I. 


(7.) 

Strain. — Calf  1237.     (Prescapular  Gland.) 


Material  Received. — Primary  culture,  46  days  old, 
isolated  from  the  prescapular  gland  of  Calf  1237. 

Cultural  Characters. — Satisfactory  growths  were 
obtained  on  serum.    On  broth  the  growth  was  the 


same  as  with  the  preceding  strains.  On  glycerin-agar 
no  more  than  a  grey  haze  was  formed.  On  potato 
there  was  a  very  scanty  layer. 

Some  of  the  bacilli  grown  on  potato  were  longer 
(4  fi)  than  the  serum  type. 


Classification. 
Amongst  the  poorer  growths  of  Grade  I. 


(8.) 

Strain. — Calf  1237.    (Bronchial  Gland.) 


Material  Received. — Primary  culture,  46  days  old, 
isolated  from  a  bronchial  gland  of  Calf  1237. 

Cultural  C/iamcters.— Satisfactory  growths  were 
obtained  on  serum.    On  broth  the  growth  was  similar 


to  that  of  the  preceding  strains.  On  glycerin-agar  no 
more  than  a  grey  haze  was  formed.  On  potato  no 
growth  was  discernible  to  the  naked  eye,  but  some 
evidence  of  growth  was  observed  microscopically. 


Classification. 


Amongst  the  poorer  growths  of  Grade  I. 
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(9.) 

Strain.— Galf  1237.    (Portal  Gland.) 


Material  Received. — Primary  culture,  46  days  old, 
isolated  from  a  portal  gland  of  Calf  1237. 

Cultural   Characters. — Satisfactory   growths  were 


obtained  on  serum.  On  the  other  test  media  the 
growths  were  identical  with  those  obtained  with  the 
last  strain. 


Classification. 
Identical  with  Strain  (8). 


VIRUS-H  53.   D.H.  (a). 
(Human  Lwpus— continued.) 
(3.) 

Strain. — Calf  1155.    (Prescapidar  Gland.) 


Material  Received. — Primary  culture,  21  days  old, 
isolated  from  the  prescapular  gland  of  Calf  1155. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  the  surface  became  covered  in 
three   weeks   with  a  thin   layer  which  afterwards 


became  moist  and  sank  ;  the  surface  then  became 
covered  again  with  a  layer  of  the  same  type.  On 
glycerin-agar  growth  progressed  slowly,  gradually 
becoming  fairly  dense,  finely  granular,  and  slightly 
wrinkled.  On  potato  a  moderate  amount  of  cream- 
coloured  growth  was  obtained. 


Classification. 
One  of  the  best  growths  of  Grade  III. 


(4.) 

Strain. — Calf  1155.  (Lung.) 


Material  Received. — Primary  culture,  21  days  old, 
isolated  from  the  lung  of  Calf  1155. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  the  surface  became  covered 
during  the  fourth  week  with  a  thin  uniform  layer 
which  afterwards  became  moist  and  sank.  On 
glycerin-agar,  in  the  first  culture,  the  growth  was 


unequal,  the  surface  being  covered  with  a  layer  which 
was  thin  in  some  places  and  in  others  was  denser 
and  granular  ;  but  in  later  cultures  the  growth  was 
distinctly  better  and  equal  to  that  of  the  preceding 
strain.  On  potato  a  thin  white  layer  was  formed  ; 
but  in  later  cultures  the  growth  was  thicker  and 
cream  coloured. 


Classification. 
Amongst  the  better  growths  of  Grade  III. 


(5.) 

Strain.— Galf  1199. 


Material  Received. — Primary  culture,  43  days  old, 
isolated  from  the  prescapular  gland  of  Calf  1199. 

Ctdtural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  the  surface  became  covered  in  a 
month  ;  some  patches  were  dense,  but  there  was  a  ten- 
dency to  become  moist,  and  most  of  the  pellicle  sank 
during  the  fifth  week.  On  glycerin-agar  the  surface 
was  well  covered  by  the  end  of  the  third  week  and  a  few 


minute  wrinkles  had  appeared  ;  but  not  much  increase 
took  place  subsequently  ;  at  the  end  of  two  months  there 
was  a  uniform,  moderately  thick  layer  with  a  few 
wrinkles.  On  potato  a  thin,  cream-coloured  layer  was 
formed. 

The  bacilli  on  broth  and  glycerin-agar  only  diverged 
slightly  from  the  serum  type. 


Classification. 
Amongst  the  best  growths  of  Grade  III. 


(6.) 

Strain.— G^.V.  2703  from  Calf  1257. 


Material  Received. — Sixth  generation,  10  days  old, 
of  culture  isolated  from  G.P.  2703. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  growth  was  slow  ;  the  pellicle 


was  thin  at  first  but  gradually  thickened  ;  the  surface 
did  not  become  more  than  half  covered.  On  glycerin- 
agar  there  was  formed  a  grey,  rather  scanty  layer  of 
unequal  density.  On  potato  there  was  a  white,  scanty 
growth. 


Classification. 
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(7.) 

Strains— GAJ.VES  1295  {Thoracic  and  Portal  Glands)  and  1333. 

Material  Eeceived.— 'Eighth  generation  20  days  old,        Cultural  Characters.— Oa  test  media  the  cultural 
ninth  generation  20  days  old,  and  eighth  generation  20     characters  of  all  these  three  strains  were  identical  with 
days  old,  of  cultures  obtained  respeccively  from  Calf     those  of  the  preceding  strain. 
1295  (thoracic  gland),  Calf  1295  (portal  gland)  and 
Calf  1333. 

Classification. 
Identical  with  the  preceding  strain. 


(8.) 

Strain.— Fig  85. 

Material  Received. — Primary  culture,  28  days  old,  covered  with  a  moist  layer,  which  was  of  unequal 
isolated  from  Pig  85.  density  and  showed  a  tendency  to  sink.    On  glycerin- 

Cultural  Characters. — Good  growths  were  obtained  agar,  scanty  grey  patches  were  slowly  formed.  On 
on  serum.    On   broth  the  surface   became  slowly     potato  the  growth  was  grey  and  rather  scanty. 

Classification. 
Amongst  the  poorer  growths  of  Grade  III. 


VIRUS-H  53.   D.H.  (6). 
(Human  Lupus.) 
Strain. — G.P.  3216  from  Second  Original  Material. 

Material  Received. — Sixth  generation,  7  days  old,  of  on  serum.  On  broth  the  surface  became  covered  with 
culture  isolated  from  G.P.  3216,  which  had  been  a  thin  pellicle  in  three  weeks  ;  there  was  no  subsequent 
inoculated  with  the  second  original  material.  thickening.    On  glycerin-agar  a  uniform  thin  layer  was 

obtained.     On  potato  growth  was  white  and  very 

Cultural  Characters. — Good  growths  were  obtained  scanty. 

Classification. 
Amongst  the  poorer  growths  of  Grade  III. 


VIRUS-H  60.  W.B. 
(!•) 

(Human  Bronchial  Gland.) 

(«•) 

Strain. — G.P.  1825  from  Original  Material. 


i 


Material  Received. — Fifth  generation,  13  days  old,  On  potato  there  was  a  moderately  thick  layer  which 

of  culture  isolated  from  G.P.  1825,  which  had  been  exhibited  a  brown  pigmentation. 

inoculated  with  original  material.  On  broth,  in  a  19  days'  film  the  bacilli  showed  only 

Cultural  Characters. — Good  growths  were  obtained  a  slight  deviation  from  the  serum  type.    On  glycerin- 

on  serum.     On   broth   the   surface  became  nearly  agar,  in  a  44  days'  film,  the  bacilli  varied  in  length  from 

covered  in  a  month  with  a  rather  thin,  opaque  layer  ;  1  to  6  ju,  and  occasionally  forms  as  long  as  7  or  8  ^  were 

the  growth  shewed  some  tendency  to  sink,  but  about  found  ;  they  were  nearly  all  curved  ;  the  majority  were 

half  remained  floating,  though  it  showed  no  signs  of  uniformly  stained,  but  some  were  beaded  and  some 

thickening.    On  glycerin-agar  the  growth  was  rather  showed  globular  swellings;  branchedforms  were  present, 

slow  and  did  not  spread  evenly  over  the  surface  ;  it  On  potato,  in  a  45  days'  film,  the  bacilli  varied  in  length 

became  markedly  granular  but  not  dense  or  uniform.  from  2  to  8    ;  about  half  were  curved  and  beaded. 

Classification. 
One  of  the  best  growths  in  Grade  III. 


I 


(&.) 

Strain. — Calf  1107.    (Prescapular  Gland.) 


Material  Received. — Primary  culture,  23  days  old,  on  serum.     On  broth  the  surface  was  covered  in 

isolated  from  the  prescapular  gland  of   Calf  1107,  less  than  four  weeks  with  a  thin,  opaque,  somewhat 

which  bad  been  inoculated  with  the  preceding  strain.  moist  pellicle  ;  part,  but  not  the  whole,  of  the  pellicle 

Cultural  Characters. — Good  growths  were  obtained  afterwards  sank.     On  glycerin-agar  a  thin,  grey, 
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uniformly  distributed  layer  slowly  developed  ;  the  On  potato  the  bacilli  were  long  (1  to  6  n),  curved, 
arowth  never  became  dense.  On  potato  a  rather  and  beaded  ;  on  broth  and  glycerin-agar  they  were 
scanty,  non-pigmented,  layer  was  formed.  .     much  shorter,  and  were  often  irregularly  stained. 

Classification. 

Intermediate  between  the  poorest  and  the  best  growths  of  Grade  III. 


Strain. — Calf  1107.    {Portal  Gland.) 


Material  Received. — Primary  culture,  23  days  old, 
isolated  from  the  portal  gland  of  Calf  1107,  which 
had  been  inoculated  with  (a). 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  the  greater  part  of  the 
surface  was  covered   in  a  month  with  an  opaque 


moist  pellicle  ;  a  week  later  nearly  the  whole  of  the 
growth  had  sunk.  On  glycerin-agar  a  dull  grey  layer 
slowly  developed,  but  never  became  dense.  On  potato 
a  rather  scanty  grey  layer  was  obtained. 

On  potato  the  bacilli  were  shorter  (1  to  4'5  /i)  than 
with  the  preceding  strain. 


Classification. 

Identical  with  the  strain  isolated  from  the  prescapular  gland  of  this  calf. 


(d.) 

Strain.— nABBiT  1228. 


Material  Received. — Primary  culture,  28  days  old, 
isolated  from  Rabbit  1228,  which  had  been  inoculated 
with  (a)  after  prolonged  sub-culture  on  glycerinated 
media. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  the  surface  became  covered  in 
a  month  ;  the  layer  in  some  places  was  dense,  but  in 
others  was  much  thinner  ;  it  showed  no  tendency  to 


sink.  On  glycerin-agar  the  surface,  became  covered 
with  a  fairly  thick,  finely  granular,  and  finely-wrinkled 
layer,  the  rate  of  growth  being  moderately  rapid.  On 
potato  growth  was  moderate  in  amount  and  cream- 
coloured. 

On  potato  the  bacilli  were  long  ("75  to  5  ju), 
curved,  and  beaded  ;  on  other  media  they  were 
shorter,  rarely  exceeding  3  n,  and  on  broth  the 
staining  was  notably  irregular. 


Classification. 
Amongst  the  poorest  growths  of  Grade  IV. 


(2.) 

(Human  Lung.) 
Strain.— Qr.'?.  1827  from  Human  Lung. 


Material  Received. — Second  generation,  23  days  old, 
of  culture  isolated  from  G.P.  1827,  which  had  been 
inoculated  with  the  human  lung. 

Cidturul  Characters. — -In  the  earlier  generations 
growth  on  serum  was  poor ;  it  improved  on  sub- 
culture. On  broth  the  surface  was  half  covered 
in  three  weeks  with  a  grey,  dense  layer  ;  after  this 
period  the  pellicle  showed  some  tendency  to  become 


moist  and  sink.  On  glycerin-agar  a  dense,  wrinkled 
and  granular  layer  was  readily  formed.  On  potato 
the  growth  was  moderately  good  and  exhibited  a 
brown  pigmentation. 

On  both  glycerin-agar  and  potato  the  bacilli  were 
long  (1  to  6  fx),  curved,  and  beaded.  On  broth 
they  were  much  shorter  (I  to  3  /<)  and  generally 
straight. 


Classification. 
Not  quite  equal  to  the  best  growths  in  Grade  IV. 


(3.) 

(Human  Mesenteric  Gland.) 
Strain. — G.P.  1829  from  Human  Mesenteric  Gland. 

Material  Received. — Second  generation,  23  days  old,  on  serum.    On  broth  growth  was  slow,  not  more 

of  culture  isolated  from  G.P.  1829,  which  had  been  than  a  third  of  the  surface  being  covered  in  five 

inoculated  with  the  human  mesenteric  glands.  weeks  ;  the  pellicle  showed  no  sign  of  sinking,  but 

Cultural  Characters. — Good  growths  were  obtained  gradually  became  denser  and  after  a  time  a  thinner 
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growth  shot  out  from  the  older  pellicle.    On  glycerin-        On  media  other  than  serum  the  bacilli  varied  in 
agar  a  thick,  warty,  and  finely  wrinkled  layer  rapidly     length  from  1  to  5     and  were  generally  curved  and, 
formed.     On  potato  a  moderately  dense  layer  of     less  frequently,  beaded, 
brown  growth  was  produced. 

Classification. 
Amongst  the  better  growths  of  Grade  IV. 


(4.) 

(Human  Brain.) 
Strain.— G.F.  1832  from  Human  Brain. 


Material  Received. — Third  generation,  13  days  old, 
of  culture  isolated  from  G.P.  1832,  which  had  been 
inoculated  with  the  human  brain. 

Cultural  Characters. — Fairly  good  growths  were 
obtained  on  serum.  On  broth  the  surface  was 
covered  in  three  weeks  with  an  opaque  but  rather 
thin  pellicle  which  showed  no  tendency  to  sink.  On 


glycerin-agar  a  thick,  very  wrinkled,  and  warty  layer 
was  produced  in  a  month.  On  potato  a  fairly  dense, 
brown,  crumb-like  layer  was  obtained. 

On  broth  and  glycerin-agar  the  bacilli  were  from 
1  to  3-5  fi  in  length  and  generally  stained  uniformly. 
On  potato  many  of  the  bacilli  were  much  longer  (6  to 
8      and  were  curved  and  regularly  beaded. 


Classification. 
Amongst  the  better  growths  of  Grade  IV. 


VIRUS— H  67.  E.P. 
(Pus  from  Human  Scapular  Abscess.) 
(1.) 

Strain. — G.P.  1914  from  Original  Material. 


Material  Received. — Fourth  generation,  18  days  old, 
isolated  from  G.P.  1914,  which  had  been  inoculated 
with  original  material. 

Cultural  Characters. — Growth  was  rather  poor  on 
serum  to  begin  with,  but  improved  later.  On  broth 
the  surface  was  covered  in  3i  weeks  with  a  rather 


thin  but  unequal  pellicle  containing  several  white, 
slightly  raised  colonies  ;  there  was  no  tendency  for 
the  pellicle  to  become  moist.  On  glycerin-agar  a  dull 
grey  layer  spread  over  the  surface  and  gradually 
became  thick  and  finely  wrinkled.  On  potato  a  rather 
poor  growth,  with  some  slight  tendency  to  pigmenta- 
tion was  formed. 


Classification. 
Amongst  the  poorer  growths  in  Grade  IV. 


.(2.) 

Strain. — Calf  1143. 


Material  Received. — Primary  culture,  33  days  old, 
isolated  from  Calf  1143. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  growth  was  poor,  the  pellicle 


being  thin  and  the  surface  not  more  than  half  covered 
at  the  end  of  two  months.  On  glycerin-agar  there 
was  a  uniform  layer  which  was  not  very  dense  but 
exhibited  some  definite  wrinkles.  On  potato  growth 
was  rather  scanty  and  of  a  brownish  colour. 


Classification. 
One  of  the  poorest  growths  in  Grade  IV. 
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(3.) 

Strains. — Calf  1329.     {Ltuig  and  Prescapular  Gland.') 

Material  Received. — Seventh  generations,  81  and  107  Cultural  Charactern. — On  test  media  the  growths  of 
days  old,  of  cultures  isolated  respectively  from  the  both  strains  were  found  to  be  identical  with  those  of 
lung  and  prescapular  gland  of  Calf  1329.  the  preceding  strain. 

Classification. 
Identical  with  the  preceding  strain. 


VIRUS— H  68.  R.B. 
(Pus  from  Human  Sacral  Abscess.) 
(1.) 

S<mM(.— Original  Material. 


Material  Received. — Seventh  generation,  14  days 
old,  of  culture  isolated  from  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
oa  serum.    On  broth  the  surface  was  covered  in  a 


month  with  an  opaque  film  of  unequal  density, 
which  showed  no  tendency  to  sink.  On  glycerin-agar 
the  surface  was  covered  with  a  grey  layer  of  unequal 
density  which  was  warty  and  finely  wrinkled.  On 
potato  a  fairly  thick,  light  brown  layer  was  formed. 


Classification. 
Amongst  the  less  abundant  growths  of  Grade  IV. 


(2.) 

Strain.— Galf  1167. 


Material  Received. — Fourth  generation,  40  days  old, 
of  culture  isolated  from  Calf  1167. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  a  fairly  thick  pellicle  was 
obtained,  which  showed  no  tendency  to  sink.  On 
glycerin-agar  the  growth  was  thick  and  covered  with 


wrinkles  and  small  warts.  On  potato  a  fairly  abun- 
dant, bright  yellow  growth  was  obtained. 

On  potato  the  bacilli  were  from  1  to  6  /<  in  length, 
and  were  generally  curved  and  beaded  ;  on  glycerin- 
agar  and  broth  they  were  shorter  (1  to  3'5  /x),  and 
on  broth  straight  and  uniformly  stained  forms  pre- 
dominated. 


Classification. 
One  of  the  better  growths  of  Grade  IV. 


(3.) 

.S^m;«.— Calf  1361. 

Material  Received. — Seventh  generation,  33  days  characters  were  found  to  be  identical  with  those 
old,  of  culture  isolated  from  Calf  1361.  the  preceding  strain. 

Cultural  Characters. — On  test  media  the  cultural 


CLASSIFICAriON. 

Identical  with  the  preceding  strain. 


(4.) 


Strain. — Cow  77.    (Prescajndar  Gland.) 


Material  Received.— Pv\uxa.vy  culture,  44  days  old, 
isolated  from  the  prescapular  gland  of  Cow  77. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  glycerin-agar  a  thick  and  very  wrinkled 


layer  was  obtained.  On  potato  the  growth  was  mode- 
rate in  amount  and  deep  brown  in  colour. 

The  bacilli  on  potato  and  glycerin-agar  were  from 
1  to  5    in  length  and  frequently  curved  and  beaded. 


Classification. 


One  of  the  average  growths  of  Grade  IV. 
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(5.) 

Strain.— Gow  77.  (Milk.) 


Material  Received. — Primary  culture,  41  days  old, 
isolated  from  the  milk  of  Cow  77. 

Cultural  Characters. — Good  growths  were  obtained 
on  seram.    On  broth  the  surface  became  covered  in 


five  weeks  with  a  tough  and  fairly  thick  layer.  On 
glycerin- agar  the  first  cultures  were  poor,  but  when 
tested  a  short  time  afterwards  an  abundant  and 
markedly  wrinkled  growth  was  obtained.  On  potato 
a  moderate  amount  of  yellow  growth  was  obtained. 


Classification. 
One  of  the  average  growths  of  Grade  IV. 


VIRUS-H  69.  F.K. 
(1.) 

(Human  Mesenteric  Gland.) 
Strain. — G.P.  1926  from  Original  Material. 


Material  Received. — Third  generation,  10  days  old, 
of  culture  isolated  from  G.P.  1926,  which  had  been 
inoculated  with  original  material. 

Cultural  Characters.  —  Growths  on  serum  were 
satisfactory  but  not  very  good.  On  broth  growth  was 
slow  ;  several  small,  rather  dense  islands  appeared 
during  the  third  week  ;  at  the  end  of  two  months 
these  had  extended  by  the  production  of  a  thinner 
growth  at  their  periphery,  and  had   covered  two- 


thirds  of  the  surface.  On  glycerin-agar  growth  com- 
menced rather  vigorously  but  ceased  after  the  third 
week  ;  the  total  yield  was  a  grey  layer  containing  some 
raised  white  colonies,  but  was  only  moderately  dense 
and  not  wrinkled.  On  potato  a  scanty,  yellow  layer 
was  obtained  in  three  weeks,  and  then  growth  ceased. 

The  bacilli  grown  on  media  other  than  serum  were 
rather  longer  but  exhibited  only  a  slight  divergence 
from  the  serum  type. 


Classification. 
Amongst  the  better  growths  in  Grade  III. 


(2.) 

(Human  Meninges.) 
Strain.— C(.V.  1924  from  Original  Material. 


Material  Received. — Ninth  generation,  9  days  old, 
of  culture  isolated  from  G.P.  1924,  which  had  been 
inoculated  with  original  material. 

Cultural  Cliaracters.-^Gvoviih  on  serum  was  satis- 
factory, but  not  very  good.  On  broth  growth  was 
obtained  with  some  difficulty  ;  small,  dense  islands 
appeared,  but  these  were  slow  in  extending,  their 


behaviour  in  this  respect  resembling  that  of  the 
preceding  strain.  The  growths  on  glycerin-agar  and 
potato  were  also  identical  with  those  of  the  preceding 
strain. 

Like  the  preceding  strain,  the  bacilli  grown  on 
media  other  than  serum  exhibited  only  a  slight 
divergence  from  the  serum  type. 


Classification, 
Identical  with  the  preceding  strain. 


VIRUS-H  70.  N.W. 
(1.) 

(Human  Cervical  Gland.) 
Strain. — G.P.  1933  from  Original  Material. 


Material  Received. — Fourth  generation,  12  days  old, 
of  culture  isolated  from  G.P.  1933,  which  had  been 
inoculated  with  original  material. 

Cultural  Characters.  —  Growth  on  serum  was 
fairly  good.  On  broth  the  growth  was  slow  and 
rather  poor,  but  the  pellicle  was  fairly  thick  and 
showed  no  tendency  to  sink.  On  glycerin-agar  the 
growth  was  moderately  dense  but  unequal  ;  there 


were  large  patches  which  were  thick  and  prominently 
warty.  On  potato,  the  growth  was  not  very  thick  but 
exhibited  a  deep  brown  pigment. 

On  potato,  in  a  56  days'  film,  the  bacUii  varied  in 
length  from  -75  to  5  and  a  few  longer  forms  (6  to  7  /i) 
were  noted.  The  majority  were  curved  and  beading  was 
common.  Some  of  the  bacilli  were  notably  thick  and 
many  were  slender.    A  branched  form  was  found. 


Classification. 


Not  quite  equal  to  best  growths  in  Grade  IV. 
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(2.) 

(Human  Bronchial  Gland.) 
S^?'a»/.— Original  Material. 


Material  Received. — Seventh  generation,  10  days 
old,  of  culture  isolated  from  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  the  growth  was  slow  and  did 


not  completely  cover  the  surface,  but  the  pellicle  was 
tough,  in  parts  very  dense,  and  showed  no  tendency 
to  sink.  On  glycerin-agar  a  fairly  dens3,  warty  layer 
was  formed.  On  potato  the  yield  was  moderate  in 
amount  and  exhibited  a  deep  brown  pigaaent. 


Classification. 
About  equal  to  the  preceding  strain. 


(3.) 

(Human  Lung-.) 

S^to/w.— Original  Material. 


"Material  Received. — Fifth  generation,  10  days  old, 
of  culture  isolated  from  the  original  material. 

Cultural  Characters. — Good  growtbs  were  obtained 
on  serum.  On  broth  growth  commenced  as  discrete 
islands  which  gradually  thickened  but  did  not  extend 
very  rapidly  ;  the  pellicle  as  a  whole  was  moderately 
thick  and  showed  no  tendency  to  become  moist  or 
sink.  On  glycorin-agar  the  growth  was  opaque, 
raised  and  granular  in  patches,  but  not  uniformly 


dense  ;  part  of  the  surface  was  only  thinly  covered. 
On  potato  the  growth  was  rather  thin  and  exhibited  a 
deep  yellow  pigment. 

In  a  14  days'  film  from  a  horse  serum  culture  many 
of  the  bacilli  were  3  in  length  or  slightly  longer  and 
were  more  or  less  definitely  beaded  ;  but  iu  a  film 
from  a  17  days'  bovine  serum  culture  the  bacilli  were 
of  the  usual  type  ('75  to  2/<  in  length  and  uniformly 
stained). 


CLAiSIt'ICATION. 

Amou^'st  the  poorer  growths  in  Grade  IV. 


(4.) 

(Human  Mesenteric  Gland.) 

Strain. — G.P.  1928  from  Original  Material. 

Material  Received. — Fourth  generation,  10  days  old, 
of  culture  isolated  from  G.P.  1928,  which  had  been 
inoculated  with  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  a  moderately  dense  pellicle  was 

CLASSIlflCA'J'lON. 

About  equal  to  strains  (1)  and  (2). 


slowly  formed  ;  it  was  tough,  and  showed  no  tendency 
to  sink.  On  glycerin-agar  a  fairly  dense,  granular, 
and  warty  layer  was  formed.  On  potato  there  was  a 
moderate  amount  of  growth  which  exhibited  a  deep 
brown  pigment. 


mus-H  71.  L.y.  (<o- 

(Human  Lupus.) 

Strain.— G.V.  1938  from  Original  Material. 


Material  Received. — Fourth  generation,  8  days  old, 
of  culture  isolated  from  G.P.  1938,  which  had  been 
inoculated  with  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  a  tough,  fairly  thick,  and  warty 


pellicle  was  produced  ;  the  growth  was  slow  and  ceased 
before  the  surface  was  completely  covered.  On 
glycerin-agar  a  fairly  thick,  finely  wrinkled  layer  was 
obtained.  On  potato  there  was  a  yellow,  crumb-like 
growth. 


Classification. 


Amongst  the  poorer  growths  of  Grade  IV. 


VIRUS-H  71.   L.V.  (/')■ 
(Human  Lupus.) 
Strain. — G.P.  3021  from  Second  Original  Material. 


Material  Received. — Fifth  generation,  40  days  old. 
of  culture  Isolated  from  G.P.  3021,  which  had  been 
inoculated  with  the  second  original  material. 

Cultural  Characters. — Good  growths  were  obtained 


on  serum.  A  thick  and  warty  pellicle  was  formed  on 
broth.  On  glycerin-agar  the  growth  was  copious  and 
wrinkled,  with  a  few  warts.  On  potato  a  brown,  fairly 
abundant  growth  was  obtained. 


CLASSIFICATiON. 

About  the  average  of  Grade  V. 
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VmUS-H  72.  H.C. 

(Pus  from  Abscess  of  Human  Rib.) 
Strain. — G.P.  1945  from  Original  Material. 


Material  Received. — Fifth  generation,  14  days  old, 
of  culture  isolated  from  G.P.  1945,  which  had  been 
inoculated  with  original  material. 

Cultural  CJiaracters. — On  serum  fairly  good  growths 
were  obtained.  On  broth  a  pellicle  of  unequal 
density  was  formed,  with  some  tendency  to 
become  moist  and  sink,  though  there  were  tougher 
and  granular  portions  which  remained  floating.  On 
glycerin-agar  a  dull  grey  layer  with  denser,  granular 
patches  was  formed  ;  it  never  became  wrinkled  or 


uniformly  thick.  On  potato  a  rather  scanty,  yellowish 
brown  growth  was  obtained. 

On  pure  serum  the  bacilli  exhibited  more  irregu- 
larity than  usual ;  in  a  film  from  a  14  days'  horse 
serum  culture  they  varied  in  length  from  1  to  3  ju, 
were  often  irregularly  stained,  and  were  frequently 
curved  or  beaded  ;  but  in  a  film  from  a  17  days' 
bovine  serum  culture  they  were  rarely  longer  than  2/1 
and  the  staining  was  uniform. 


Classification. 
Amongst  the  best  growths  in  Grade  III. 


VIRUS-H  74.  D.S. 
(1.) 

(Human  Mesenteric  Gland.) 
Strain. — Original  Material. 


Material  Received. — Fourth  generation,  7  days  old, 
of  culture  isolated  from  the  human  mesenteric  gland. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  growth  was  obtained  readily  but 
was  of  unequal  density,  thick  patches  being  interspersed 
amongst  semi-transparent  material  ;  the  pellicle 
showed  a  tendency  to  sink,  but   a   few  thick  and 


somewhat  granular  patches  remained  floating.  On 
glycerin-agar  a  thin  grey  layer  was  slowly  formed  ; 
it  became  denser  in  patches  and  somewhat  granular, 
but  the  total  yield  was  rather  scanty  ;  later  cultures, 
however,  grew  much  better,  being  moderately  abun- 
dant, granular,  and  wrinkled.  On  potato  a  scanty, 
non-pigmented  growth  was  formed. 


Classif,  cation. 
Amongst  the  poorer  growths  of  Grade  IV. 


(2.) 

(Human  Bronchial  Gland.) 
Strain. — Original  Material. 


Material  Received. — Fourth  generation,  7  days 
t)ld,  of  culture  isolated  from  the  human  bronchial 
gland. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  a  thin  pellicle,  interspersed  with 
much  thicker  and  somewhat  granular  patches,  was 


readily  formed  ;  most  of  the  thin  material  sank  after 
the  end  of  the  first  month.  On  glycerin-agar  a  rather 
scanty  grey  layer  with  some  denser  areas  was  formed 
in  the  first  cultures,  but  when  tested  again,  much 
better  growths  were  obtained.  On  potato  there  was  a 
thin,  non-pigmented  layer. 


Classification. 
One  of  the  poorest  growths  of  Grade  IV. 


(3.) 

(Human  Spleen.) 

Strain. — ORIGINAL  Material. 


Material  Received. — Fourth  generation,  7  days  old, 
of  culture  isolated  from  the  human  spleen. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  the  surface  became  covered 
during  the  fourth  week  with  a  pellicle  which  was 
broken  up  into  iaiands  of  unequal  density,  a  few  of 


which  contained  raised,  watty  points  ;  the  pellicle  did 
not  increase  in  thickness,  but  showed  no  tendency  to 
sink.  On  glycerin-agar  a  rather  scanty  grey  layer 
was  formed  containing  some  thicker,  granular 
patches  ;  later  cultures  yielded  much  better  growths. 
On  potato  there  was  a  scanty,  non-pigmented  layer. 


Classification 


Amongst  the  poorer  growths  of  Grade  IV. 
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VIRUS-H  75.  A.H. 
(1.) 

(Human  Peritoneal  Fluid.) 
Stni/ii. — 6.P.  2018  from  (JpaoiNAL  Matekial. 


Material  Received. — Primary  culture,  25  days  old, 
isolated  from  G.P.  2018,  which  had  been  inoculated 
with  the  human  peritoneal  fluid. 

Cultural  Characters.— Good  growths  were  obtained 
on  serum.    On  broth  a  uniform,  fairly  thick  pellicle 


covered  the  surface  at  the  end  of  three  weelis,  and 
showed  no  tendency  to  sink.  On  glycerin-agai'  the 
surface  was  covered  with  a  fairly  uniform,  moderately 
dense  layer,  which  gradually  became  wrinkled.  On 
potato  a  rather  thin,  cream-coloured  layer  was  formed. 


Classification. 
Amongst  the  poorer  growths  of  Grade  IV. 


(2.) 

(Human  Lung.j 
Strain. — G.P.  2459  from  Original  Material. 


Material  Received. — Sixth  generation,  13  days  old, 
of  culture  isolated  from  G.P.  2459,  which  was  inocu- 
lated with  the  original  material. 

Cultural  Characters.— Good  growths  were  obtained 
on  serum.    On  broth  a  thick  layer  covered  the  surface 


in  three  weeks  and  showed  no  subsequent  tendency  to 
sink.  On  glycerin-agar  an  abundant,  warty  and 
wrinkled  layer  was  formed  during  the  first  fortnight. 
On  potato  the  growth  was  abundant ;  the  pigmentation 
was  at  first  yellow  and  afterwards  brown. 


Classification. 


Topical  of  Grad-  V. 


VIRUS-H  76.  G.M. 


StraJn. 


(Human  Knee  Joint.) 
-G.P.  2888  from  Original  Material. 


Material  Received. — Fourth  generation,  five  days 
old,  of  culture  isolated  from  G  P.  2888,  which  had 
been  inoculated  with  the  original  ma  e rial. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  growth  was  poor  ;  it  consisted 


of  thin  islands  which  were  tough  and  showed  no 
tendency  to  sink,  but  failed  to  cover  the  surface. 
On  glycerin-agar  the  growth  was  rapid,  abundant,  and 
prominently  wrinkled.  On  potato  a  good,  reddish 
brown  growth  was  obtained. 


Classification. 
Amongst  the  average  growths  of  Grade  IV. 


VIRUS-H  77.  R.L. 


(1.) 

(Human  Mesenteric  Gland.) 
Strain . — OaiGiNAL  Material. 


Material  Received. — Primary  culture,  72  days  old, 
isolated  from  the  original  material.^ 

Cultural  Character's. — Fairly  good  growths  were 
obtained  on  serum.  On  broth  the  first  two  cultures 
failed  ;  afterwards  a  slow  and  scanty  growth  was 
obtained,  consisting  of  semi  -  translucent  islands 
speckled  with  denser  patches.    On  glycerin-agar,  with 


the  exception  of  a  few  dense  colonies  which  very 
slowly  formed,  the  growth  was  only  slightly  opaque 
and  very  thin.  On  potato  growth  was  non-pigmented 
and  very  scanty. 

On  bovine  serum,  in  an  early  culture,  15  days  old, 
the  bacilli  were  unusually  long  (75  to  3'5  ju),  but  in 
later  serum  cultures  they  were  shorter  (-5  to  2 
or  2-5  ix). 


Classification. 
Amongst  the  better  growths  of  Grade  I. 


(2.) 

(Human  Liver.) 

Strain —G.F.  2102  from  Original  Material. 

Material  Received. — Seventh  generation,  14  days  Cultural  Characters. — Good  growths  were  obtained 
old,  of  culture  isolated  from  G.P.  2102,  which  bad  on  serum.  On  broth  the  cultures  failed.  On  glycerin- 
been  moculated  with  the  original  material!  agar  there  were  a  few  isolated  thickened  patches,  the 
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rest  of  the  surface  being  covered  with  little  more  than 
a  grey  haze.  On  potato  growth  was  very  scanty  and 
non-pigmented. 

In  one  of  the  cultures  on  bovine  serum,  15  days 
old,  the  bacilli  varied  in  length  from  -75  to  4  fi,  and 


occasional  forms  were  found  as  long  as  4*5  to  5"5  ft. 
The  majority  of  the  bacilli  were  uniformly  stained  ; 
many  were  curved,  and  a  few  were  either  beaded  or 
exhibited  globular  swellings. 


Classification. 

Amongst  the  growths  of  Grade  I.  ;  perhaps  slightly  poorer  than  the  preceding  strain. 


VIRUS-H-78.  O.D. 
(1.) 

(Human  Lung.) 
Strain— Qt. v.  2133  from  Original  Material. 


Material  Received. — Primary  culture,  42  days  old, 
isolated  from  G.P.  2133,  which  had  been  inoculated 
with  the  original  material. 

Cultural  Characters. — The  growths  on  serum  were 
fairly  good.  On  broth  the  surface  became  covered  in 
about  a  month  with  a  moderately  thick  layer  showing 


no  tendency  to  sink.  On  glycerin-agar  an  abundant, 
granular,  and  wrinkled  layer  was  formed.  On  potato 
the  growth  was  moderate  in  amount  and  coloured  with 
a  deep  brown  pigment. 

On  bovine  serum,  in  a  15  days'  film,  the  bacilli  were 
rather  longer  than  the  average  ('75  to  3  or  3-5  n). 


Classification. 
Amongst  the  better  growths  of  Grade  IV. 


(2.) 

(Human  Bronchial  Gland.) 

Strain. — ORIGINAL  Material. 


Material  Received. — Primary  culture,  69  days  old, 
isolated  from  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  scrum.    On  broth  the  surface  was  covered  in  a 


month  with  a  fairly  thick,  granular  pellicle.  On 
glycerin-agar  a  moderately  thick,  granular,  and  finely 
wrinkled  growth  was  obtaineJ.  On  potato  there  was 
a  moderately  abundant,  brown  growth. 


Classification. 
One  of  the  average  growths  of  Grade  IV. 


(3.) 

(Human  Meninges.) 
Strain. — G.P.  2122  from  Original  Material. 


Material  Received. — Primary  culture,  49  days  old, 
isolated  from  G.P.  2122,  which  had  been  inoculated 
with  the  original  material. 

Cultural  Cliaracters. — Good  growths  were  obtained 
on  serum.  On  broth  a  thick,  tough  pellicle  was 
slowly  formed,  the  surface  being  covered  in  seven 


weeks.  On  glycerin-agar  the  growth  was  thick, 
granular,  and  wrinkled.  On  potato  the  growth  was 
moderately  abundant  and  brown  in  colour. 

On  broth,  glycerin-agar,  and  potato,  the  bacilli  were 
rather  shorter  than  the  average,  varying  in  length 
from  -75  to  3  jx. 


Classification. 
Amongst  the  poorer  growths  of  Grade  V. 


VIRUS-H  79.  J.N. 
(Human  Lung.) 
(1.) 

Strain. — Original  Material. 


Material  Received. — Second  generation,  21  days  old, 
of  culture  isolated  from  the  human  lung. 

Cultural  Characters.  —  Satisfactory  growths  were 
obtained  on  serum.  On  broth  a  very  thick  pellicle 
was  formed  and  the  surface  was  covered  in  a  month. 


On  glycerin-agar  a  thick  warty  layer  was  formed.  On 
potato  there  was  a  yellowish  brown,  rather  scanty 
growth. 

The  bacilli  grown  on  serum,  in  a  14  days'  film,  were 
less  regularly  stained  than  usual. 


Classification. 


Amongst  the  poorer  growths  of  Grade  V. 
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(2.) 

[Strain. — Gr.P.  2154  from  ORraiNAL  Material. 


Material  Received. — Fourth  generation,  10  days  old, 
of  culture  isolated  from  G.P.  2154,  which  was  inocu- 
lated with  original  material. 

Cultural  Characters. — Good  growths  wei'e  obtained 


on  serum.  On  broth  an  opaque,  fairly  dense  pellicle 
was  formed  without  difficulty.  Oa  glycerin  -  agar 
there  was  a  thick  layer,  thrown  into  prominent 
wrinkles.  On  potato  the  growth  was  cream  coloured 
and  rather  scanty. 


Glassipication. 
Amongst  the  better  growths  of  Grade  IV. 


(3.) 

Strain.— Rabbit  1085  from  Original  Material. 

Material  Received. — Primary  culture,  44  days  old,  on  serum.  On  glycerin-agar  and  potato  the  growths 
isolated  from  Rabbit  1085.  were  identical  with  those  of  the  preceding  strain. 

Cultural  Characters. — Good  growths  were  obtained 

Classification. 
Identical  with  strain  (2). 


(4.) 

Strain. — DoG  31. 

Material  Received. — Primary  culture,  31  days  old,  on  serum.  On  glycerin-agar  and  potato  the  growths 
isolated  from  Dog  31.  were  identical  with  those  of  the  preceding  strain. 

Cultural  Characters. — Good  growths  wei-e  obtained 

Classification. 
Identical  with  strain  (2). 


(5.) 

Stra/».—Doa  33. 


Material  Received. — Primary  culture,  31  days  old, 
isolated  from  Dog  33. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  the  surface  became  slowly 
covered  with  a  tough,  thin  layer,  which  was  irregular 


and  semi-opaque.  On  glycerin-agar  there  was  a  mode- 
rately dense,  granular,  and  \i  rinkled  layer.  On  potato 
there  was  a  moderate  amount  of  brown  growth. 

The  bacilli  in  a  14  days'  serum  film  stained  rather 
ii-regularly  and  a  few  forms  as  long  as  4  ju  were  noted. 


Classification. 
Amongst  the  poorer  growths  of  Grade  IV. 


(6.) 

Strain.— GMuV  1243. 


Material  Received.— 'Pvim&vy  culture,  20  days  old, 
isolated  from  Calf  1243. 

Cultural  ^Characters.— Good  growths  were  obtained 
on  serum.    On  broth  the  surft.ce  was  covered  with  a 


thick,  homogeneous  layer  in  a  month.  On  glycerin- 
agar  the  growth  was  dense  and  thrown  into  prominent 
wrinkles,  but  not  warty.  On  potato  there  was  a  fairly 
dense,  brown  growth. 


Classification. 


Amongst  the  poorer  growths  of  Grade  V. 


2b0 


BaCTEKIOLOGY — CULTUEAL  ChAEACTERS  OF  HuMAN  VIRUSES. 


(7.) 

Strain.— Calf  1227. 


Material  Received. — Primary  culture,  43  days  old, 
isolated  from  the  prescapular  gland  of  Calf  1227. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  the  surface  was  nearly  covered 
during  the  second  week  ;  in  the  third  week  it  was  com- 


pletely covered  and  the  pellicle  became  uniformly 
thick.  On  glycerin-agar  growth  took  place  rapidly  aud 
became  thick  and  very  wrinkled,  with  a  few  warty 
elevations.  On  potato  a  moderately  thick,  yellow 
layer  was  formed. 


Classification. 
Amongst  the  growths  of  Grade  V,  but  not  equal  to  the  best. 


(8.) 


Strains. — Calves  1297,  1305,  1321  {Mediastinal  and  Portal  Glands),  and  1325. 


Material  Received. — Eighth  generation,  33  days  old  ; 
fifth  generation,  41  days  old  ;  fifth  generation,  33  days 
old  ;  eighth  generation,  33  days  old  ;  and  seventh 
generation,  89  days  old  of  cultures  isolated  respec- 
tively   from    Calf    1297,   Calf   1305,   Calf  1321 


(mediastinal  gland).  Calf  1321  (portal  gland),  and 
Calf  1325. 

Cultural  Characters. — On  test  media  the  cultural 
characters  of  all  these  strains  proved  to  be  identical 
with  those  of  the  preceding  strain. 


Classification. 
Identical  with  the  preceding  strain. 


VIRUS-H  80.  D.M. 
(Human  Lung.) 
(1.) 

Strain. — Original  Material. 


Material  Received. — Primary  culture,  58  days  old, 
isolated  from  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  a  homogeneous,  moderately 
dense   pellicle  was  slowly  formed ;  it  showed  no 


tendency  to  sink.  On  glycerin-agar  the  surface  was 
unequally  covered,  but  on  the  whole  was  fairly  dense 
and  was  studded  with  granular  and  warty  colonies. 
On  potato  the  surface  was  not  uniformly  covered,  but 
there  were  numerous  large,  cream-coloured  colonies. 


Classification. 
Amongst  the  poorer  growths  of  Grade  IV. 


(2.) 

Strain. — G.P.  2187  from  Original  Material. 


Material  Received. — Fourth  generation,  34  days 
old,  of  culture  isolated  from  G.P.  2187,  which  was 
inoculated  with  original  jnaterial. 

Cultural  Characters. — Growth  was  rather  poor  on 
serum  for  the  first  few  generations,  but  afterwards 
became  good.    On  broth  the  first  culture  was  poor ; 


a  second  culture  covered  the  surface  in  a  month  with 
a  thick,  wrinkled  pellicle.  On  glycerin-agar  there  was 
a  thick,  very  wrinkled  growth.  On  potato  a  moderate 
amount  of  raised,  deep  yellow  growth  was  obtained. 

On  glycerin-agar  and  potato  the  bacilli  were 
notably  long,  1*5  to  7  ix. 


Claesificatjon. 
Amongst  the  average  growths  of  Grade  IV. 


(3.) 

Strain. — Calf  1245. 


Material  Received. — Second  generation,  36  days  old, 
of  culture  isolated  from  Calf  1245. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  the  first  culture  failed  ;  a  subse- 
quent culture  covered  the  surface  in  four  weeks  with  a 


dense,  wiinkled  pellicle.  On  glycerin-agar  there  was 
formed  a  thick,  very  wrinkled  layer,  containing  a  few 
warty  elevations.  On  potato  a  moderate  amount  of 
yellow  growth  was  obtained. 


Classification. 


Amongst  the  poore  growths  of  Grade  V. 
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(4.) 

Strain. — Oalf  1265. 

Material  Received. — Primary  culture,  37  days  old,  on  serum.  On  glycerin-agar  a  thick,  wnakled  layer 
isolated  from  Calf  1265.  with  some  warty  elevations,  was  formed.    On  potato 

Cultural  Characters. — Good  growths  were  obtained     there  was  a  yellow,  raised,  crusty  layer. 

Cl^ASSIFICAl'ION. 

Identical  with  the  pi'eceiing  strain. 


(5.) 

Stmim.—GAhYES  1279,  1281,  1369,  and  1375. 


Material  iJeceiyed.— Eighth  generation,  33  days  old  ; 
eighth  generation,  41  days  old  ;  seventh  generation, 
33  days  old  ;  and  eighth  generation,  33  days  old  ;  of 
cultures  isolated  respectively  from  Calves  1279,1281, 
1369,  and  1375. 


Cultural  Characters. — On  test  media  the  cultural 
characters  of  all  these  strains  were  almost  identical 
with  those  of  strain  (1),  the  original  material. 


Classification. 
Amongst  the  poorer  growths  of  Grade  IV. 


(6.) 

Strain.— Dog  19. 


Material  Received. — Primary  culture,  38  days  old, 
isolated  from  a  coeliac  gland  of  Dog  19. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.   On  broth  a  dense,  wrinkled  pellicle  readily 


covered  the  surface.  On  glycerin-agar  the  growth  was 
rapid,  and  became  thick,  with  many  warty  elevations 
and  some  wrinkles.  On  potato  there  was  a  moderate 
amount  of  raised,  brown  growth. 


Classification. 
Identical  with  strains  (3)  and  (4) 


VIRUS-H  81.  P.W. 
(Human  Lung'.) 
(1.) 

Strain. — Original  Material. 


Material  Received. — Primary  culture,  54  days  old, 
isolated  from  the  original  material. 

Cultural  Characters. — Growth  was  satisfactory  on 


serum.  On  broth  the  surface  was  covered  in  five 
weeks  with  a  thick  and  warty  layer.  On  glycerin- 
agar  there  was  an  abundant,  warty,  and  very  wrinkled 
layer.    On  potato  there  was  a  raised,  yellow  growth. 


Classification. 
Amongst  the  average  growths  of  Grade  V. 


(2.) 

Strain. — G.P.  2212  from  Original  Material. 

Material  Received.— Vnmdi,vy  culture,  42  days  old.  Cultural  Characters.— Good  growths  were  obtained 
isolated  from  G.P.  2212,  which  was  inoculated  with  on  serum.  On  glycerin  agar  and  potato  the  growths 
the  origmal  material.  were  identical  with  those  of  the  preceding  strain. 

Classification. 


Identical  with  strain  (1). 
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(3.) 

strain.— Galy  1129. 

Material  deceived. — Primary  culture,  39  days  old,  on  serum.  On  broth,  glycerin-agar,  and  potato  the 
isolated  from  Calf  1129.  growths  were  identical   with  those  obtained  from 

Cultural  Characters. — Good  growths  were  obtained     strain  (1). 

Classification. 
Identical  with  strain  (1). 


(4.) 

Strain. — Calf  1145.    {Prescapular  Gland.) 

Material  Received. — Primary  culture,  46  days  old,  on  serum.  On  broth,  glycerin-agar,  and  potato  the 
isolated  from  the  prescapular  gland  of  Calf  1145.  growths  were  identical  with  those  obtained  from 

Cultural  Characters. — Good  growths  were  obtained     strain  (1). 

Classification. 
Identical  with  strain  (1). 


(5.) 

Strain. — Calf  1145.   {Mediastinal  Gland.) 

Material  Received. — Primary  culture.  46  days  old,  on  serum.  On  glycerin-agar  and  potato  the  growths 
isolated  from  a  mediastinal  gland  of  Calf  1145.  were  identical  with  those  obtained  from  the  preceding 

CulluritJ  Characters. — Gcod  growths  were  obtained  strain?. 

Classification. 
Identical  with  strain  (1). 


(6.) 

Strains.— Qaia'-E'S,  1357  and  1399. 

Material  Received. — Eighth  generation,  33  days  old,  Cidtural  Characters. — On  test  media  the  cultural 
and  eighth  generation,  20  days  old,  of  cultures  isolated  characters  of  the  two  strains  proved  identical  with 
respectively  from  Calves  1357  and  1399.  those  of  strain  (1),  the  original  material. 

Classification. 
Amongst  the  average  growths  of  Grade  V. 


(7.) 

Strain.— G.V.  2865  from  House  1. 


Material  Received. — Primary  culture,  33  days  old, 
isolated  from  G.P.  2865,  which  had  been  inoculated 
rom  Horse  1. 

Cultural  Characien; — Good  growths  were  obtained 
on  serum.    On  broth  the  surface  became  two-thirds 


covered  in  six  weeks  with  a  thick  layer  ;  no  further 
extension  took  place.  On  glycerin-agar  the  first 
growth  was  poor  ;  later  cultures  grew  readily  and 
became  thick  and  very  wrinkled.  On  potato  an 
abundant,  yellowish  brown  growth  was  obtained. 


Classification. 
Amongst  the  better  growths  of  Grade  IV. 
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(8.) 

Strain. — Parrot  7. 


Material  Received. — Primary  culture,  14  days  old, 
isolated  from  Parrot  7. 

Cultural  Characters. — Good  growtbs  were  obtained 
on  serum.    On   broth  the  surface  became  slowly 


covered  with  a  thin  layer  which  showed  no  tendency 
to  sink.  On  glycerin-agar  the  surface  became  well 
covered  with  a  very  wrinkled  layer.  On  potato  the 
growth  was  fairly  good,  and  brick-red  in  colour. 


Classification. 
Amongst  the  average  growths  of  Grade  IV. 


VIRUS-E  82.  G.F. 


(1.) 

(Human  Mesenteric  Gland.) 
Strain. — G.P.  2239  from  Original  Material. 


Material  Receipted. — Second  generation,  15  days  old, 
of  culture  isolated  from  G.P.  2239,  which  was  inocu- 
lated with  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On   broth   growth   was   very  slow  ;  a 


moderately  thick  pellicle  was  formed,  and  showed  no 
tendency  to  sink,  but  the  surface  never  became  more 
than  half  covered.  On  glycerin-agar  the  growth  was 
moderately  thick  and  very  wrinkled.  On  potato  the 
growth  was  cream-coloured  and  rather  scanty. 


Classification. 
Amongst  the  poorer  growtbs  of  Grade  IV. 


(2.) 

(Human  Lung.) 
Strain. — G.P.  2242  from  Original  Material. 


Material  Received. — Sixth  generation,  14  days  old, 
of  culture  isolated  from  G.P.  2242,  which  was  inocu- 
lated with  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 


on  serum.  On  broth  a  very  thick  pellicle  slowly 
developed  and  finally  covered  the  surface.  On  glycerin- 
agar  there  was  a  thick  layer,  finely  wrinkled  and 
studded  with  small  warts.  On  potato  there  was  a 
fairly  abundant,  cream-coloured  growth. 


Classification. 
Amongst  the  better  growths  of  Grade  IV. 


VIRUS -H  83.  G.C. 


(1.) 

(Human  Mesenteric  Gland.) 

Strain. — ORIGINAL  Material. 


Material  Received. — Sixth  generation,  14  days  old, 
of  culture  isolated  from  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  a  very  thick  pellicle  was  formed, 
covering  the  surface  in  about  five  weeks.    On  glycerin- 


agar  there  was  a  thick,  wartj',  and  wrinkled  growth. 
On  potato  there  was  a  moderately  thick,  cream- 
coloured  layer. 

In  a  film  from  one  of  the  serum  cultures,  14  days 
old,  some  of  the  bacilli  were  beaded  and  exceptionally 
long  (5  to  6  fi). 


Classification. 
One  of  the  average  growths  in  Grade  V. 


(2.) 

(Human  Bronchial  Gland.) 

Strain. — Original  Material. 


Material  Received. — Fifth  generation,  14  days  old, 
of  culture  isolated  from  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 


on  serum.  On  glycerin-agar  and  potato  the  cultures 
were  identical  with  those  of  the  previous  strain. 

The  bacilli  grown  on  serum  did  not  exhibit  any 
exceptional  forms. 


Classification. 
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(3.) 

(Human  Meninges.) 

Strain. — Original  Material. 

Material  Received. — Primary  culture,  19  days  old,  on  serum.  On  broth,  glycerin-agar,  and  potato  the 
isolated  from  the  original  material.  growths  were  identical  with  those  of  strain  (1). 

Cultural  Characters. — Good  growths  were  obtained 

Classification. 
Identical  with  strain  (1). 


VmUS-H  84.  M.S. 
(Human  Lupus.) 
Strain. — G.P.  2277  from  Original  Material. 


Material  Received. — Primary  culture,  28  days  old,  appeared  ;  from  these  a  finer  growth  spread  out  and 

isolated  from  G.P.  2277,  which  was  inoculated  with  the  surface  then  became  well  covered.    On  glycerin- 

the  original  material.  agar  a  fairly  dense  and  very  wrinkled   layer  was 

Cidtural  Characters. — Good  growths  were  obtained  formed.    On  potato  there  was  a  moderate  amount  of 

on   serum.     On   broth  many   large   thick    islands  growth,  coloured  with  a  brownish  red  pigment. 

Classification. 
Amongst  the  best  growths  of  Grade  IV. 


VmUS-H  85.  H.B. 
(Human  Lupus.) 
(1.) 

Strain.— G.V.  2363  from  Original  Material. 


Material  Received.— Seventh  geuevation,  13  days  old,  of  the  pellicle   remained  floating  until  the  end  of 

of   culture  isolated  from   G.P.   "363,    which   was  the  second  mouth,  and  increased  in  thickness.  On 

inoculated  with  original  material.  glycerin-agar   there   was   a  rather  thin  grey  layer, 

Cultural  Characters. — Good  growths  were  obtained  studded  with  some  denser  colonies.    On  potato  the 

on  serum.    On  broth  a  thin,  grey  pellicle  was  readily  surface   was  covered  with   a   moderate  amount  of 

forcfied,  but  rapidly  sank  ;  in  a  second  culture,  part  cream-coloured  growth. 

Classification. 
Amongst  the  average  growths  of  Grade  III. 


(2.) 

Strain. — Chimpanzee  11.    {Mesenteric  Gland.) 

Material  Received. — Primary  culture,  34  days  old,  fortnight  with  a  thin  layer  which  then  began  to  sink, 

isolated  from  a  mesenteric  gland  of  Chimpanzee  11.  On  glycerin-agar  an  unequal  layer,  dense  in  patches, 

Cultural  Characters.-Good  growths  were  obtained  formed.    On  potato  there  was  a  moderate  amount 

on  serum.    On  broth  the  surface  was  covered  in  a  ^"^^^  growth. 

Classification. 
Amongst  the  average  growths  of  Grade  III. 


(3.) 

Strain. — Chimpanzee  11.  {Sjdeen.) 

Material  Received. — Primary  culture,  84  days  old,  media  the  growths  were  identical  with  those  of  the 
isolated  from  the  spleen  of  Chimpanzee  11.  preceding  strain. 

Cultural  Characters'. — On  serum  and  on  all  the  test 

Classification. 
Amongst  the  average  growths  of  Grade  III. 


(4.) 

Strain. — MoNKEY  121. 

Material  Received. — Primary  culture,  41  days  old,  Cultural  Characters. — On  serum  the  first  growths 
isolated  from  Monkey  121.  obtained  were  poor  ;  better,  but  not  very  abundant 
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yields  were  obtained  after  subcultare  for  a  few  glyceriii-agar  a  very  thin  but  definitely  grey  layer 
generations.  On  broth  (three  attempts)  no  more  was  formed.  On  potato  a  very  scanty  grey  layer  was 
than  a  few   minute   islands   were    obtained.     On     slowly  formed. 

Classification. 
Amongst  the  poorest  growths  of  Grade  II. 


VIRUS-H  86.  CP. 


Stra/7i.- 


(Human  Meninges.) 
-G.P.  2395  from  Original  Material. 


Material  Received. — Primary  culture,  30  days  old, 
isolated  from  G.P.  2395,  which  was  inoculated  with 
the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  the  surface  was  covered  in  a 


month  with  a  uniform  grey  layer  which  was  not  very 
dense,  and  did  not  subsequently  thicken  ;  it  showed 
no  tendency  to  sink.  On  glycerin-agar  a  very 
wrinkled  layer  was  formed.  On  potato  there  was  a 
moderate  amount  of  yellow  growth. 


Classification. 
One  of  the  average  growths  of  Grade  IV. 


VIRUS-H  87.  W.D. 
(Human  Suprarenal  Capsule.) 

Strain. — G.P.  from  Original  Material. 


Material  Received. — Primary  culture,  35  days  old, 
isolated  from  a  guinea-pig  inoculated  with  the  original 
material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  a  tough   pellicle  was  slowly 


formed.  On  glyceriu-agar  some  of  the  earlier  cul- 
tures appeared  unusually  moist  :  later  cultures  formed 
a  typical  dry,  thick,  wrinkled  growth,  with  some 
warts.  On  potato  a  moderate  amount  of  brownish 
yellow  growth  was  formed. 


Classification. 
Amongst  the  better  gro  f-  ths  of  Grade  IV. 


VIRUS-H  88.  E.L. 
(Human  Mesentsric  Gland.) 
Strain. — Original  Material. 


Material  Received. — Fifth  generation,  15  days  old, 
of  culture  isolated  from  the  original  material. 

Vidlural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  growth  commenced  rapidly  and 


coveted  the  surface  with  a  thin  layer,  but  during  the 
fifta  week  became  moi^t  and  sank.  On  glycerin-agar 
tlie  surface  became  uniformly  covered  with  a  thm, 
groy,  opaque  layer.  Ou  potato  a  scanty  non-pig- 
mented  growth  was  formed. 


Classification. 
Amongst  the  average  growths  of  Grade  III. 


VIRUS-H  89.  W.I. 
(1.) 

(Human  Mesenteric  Gland.) 
Strain. — Original  Material. 


Material  Received. — Seventh  generatiot/,  13  days  old, 
of  culture  isolated  from  the  original  material. 

Cultural  Characters. — Satisfactory  growths  were  ob- 
tained on  serum.  On  broth  four  cultures  were  tried, 
but  on  three  no  more  than  a  few  scattered  islands  were 
obtained  ;  the  best  of  the  four  covered  two-  thirds  of 


the  surface  at  the  end  of  two  months  with  a  very 
delicate  layer.  Ou  glycerin-agar  there  was  very  little 
more  than  a  grey  haze.  On  potato  a  few  isolated  grey 
colonies  were  found. 

On  media  other  than  serum  the  bacilli  deviated  only 
slightly  from  the  serum  type. 


Classification. 
Amongst  the  poorer  growths  of  Grade  I. 


(2.) 

(Human  Lung.) 

Strain. — G.P.  2474  from  Original  Material. 

Material  Received. — Twenty-fifth  generation,  16  Cultural  Characters. — The  cultural  characters  on 
days  old,  of  culture  isolated  from  G.P.  2474,  which  serum,  broth,  glycerin-agar,  and  potato  resembled 
had  been  inoculated  with  original  material.  those  of  the  preceding  strain. 

Classification. 
Identical  with  the  preceding  strain. 
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VIRUS-H  90.  LP. 
(1.) 

(Human  Retro-Peritoneal  Gland.) 

(a.) 

Strain. — Original  Material. 


Material  Received. — Primary  culture,  46  days  old, 
isolated  from  tbe  original  retro-peritoneal  gland. 

Cultural  Cliaracters. — Good  growths  were  obtained 
on  serum.  On  broth  the  growth  was  difficult  to  start, 
hut  ultimately  a  fairly  dense  layer,  of  unequal  thick- 
ness but  showing  no  tendency  to  sink,  was  formed. 


On  glycerin-agar  a  thick,  warty  and  wrinkled  layer  was 
readily  formed.  On  potato  there  was  a  fairly  good 
growth,  exhibiting  brown  pigmentation. 

On  potato  some  of  the  bacilli  were  very  long 
(6  to  8  fi). 


Classification. 
Amongst  the  better  growths  of  Grade  IV. 


(&.) 

Strains.— GAhYES  1383  and  1471. 


Material  Received. — Sixth  generations,  16  days  old, 
of  cultures  isolated  from  Calves  1383  and  1471. 

Cultural  Characters. — The  strains  were  found  to  be 
identical  in  cultural  characters.  Growth  was  fairly 
good  on  serum.    On  broth  a  rather  thin,  semi-opaque 


pellicle  was  slowly  formed  which  readily  became  moist 
and  sank.  On  glycerin-agar  there  was  a  thin,  slightly 
opaque  layer.  On  potato  very  little  increase  was 
obtained. 


Classification. 
Amongst  the  better  growths  of  Grade  II. 


(2.) 

(Human  Mesenteric  Gland.) 

Strain.— G.V.  2522  from  Original  Material. 


Material  Receir^ed. — Primary  culture,  27  days  old, 
isolated  from  G.P.  2522,  which  was  inoculated  with 
the  original  mesenteric  gland. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  growth  was  rather  difficult  to 
start  and,  when  obtained,  exhibited  the  same 
characters  as  with  the  last  strain.  On  glycerin-agar 
the  growth  was  rapid  and  thick,  but  less  prominently 


warty  and  wrinkled  than  with  the  last  strain.  On 
potato  there  was  a  good  growth,  showing  a  bright 
yellow  pigmentation. 

On  broth  the  bacilli  only  diverged  slightly  from  the 
serum  type.  On  glycerin-agar  and  on  potato  they 
varied  in  length  from  1  to  6  ju,  aiid  were  generally 
cur  red  and  beaded. 


Classification. 
Amongst  the  average  growths  of  Grade  IV. 


Str 


VIRUS-H  91.  H.S. 
(Human  Lupus.) 
-G.P.  2590  from  Original  Material. 


Material  Received. — Primary  culture,  45  days  old, 
isolated  from  G.P.  2590,  which  was  inoculated  with 
original  material. 

Cultural  Characters. — Good  growths  were  obtained 


on  serum.  On  broth  an  irregular,  thin,  moist  pellicle 
was  rapidly  formed  and  sank  before  the  surface 
became  completely  covered.  On  glycerin-agar  there 
was  a  scanty  grey  layer  with  a  few  warty  points.  On 
potato  scanty,  grey  colonies  appeared. 


Classification. 
Amongst  the  poorer  growths  of  Grade  III. 


VIRUS-H  92.  D.N. 
(Human  Lupus.) 
Strahis. — G.Ps.  2592  and  2593  from  Original  Material. 


Material  Received. — -Primary  cultures,  each  45  days 
old,  from  G.Ps.  2592  and  2593,  which  were  inoculated 
with  original  material. 

Cultural  Characters. — The  two  cultures  proved  to 
be  identical  in  characters.    Good  growths  were  ob- 


tained on  serum.  On  broth  thick,  wrinkled  pellicles 
were  formed  and  covered  the  surface  in  about  five 
weeks.  On  glycerin-agar  the  growths  were  abundant, 
warty,  and  wrinkled.  On  potato  raised  brownish, 
yellow,  crumb-like  growths  were  produced. 


Classification. 


Typical  of  Grade  V. 
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VmUS-H  93.  CD. 
(Human  Lung  and  Acne  Spot.) 
Strains. — G.Ps.  '2609  and  2611  from  Original  Material. 


Material  Received. — Seventh  generations,  10  days 
old,  of  cultures  isolated  from  G.Ps.  2609  and  2611, 
which  were  inoculated  with  original  material,  the 
former  with  lung  and  the  latter  with  material  from  an 
acne  spot. 

Cultural  Characters.— The  two  cultures  proved  to 
be    identical  in  characters.     Good   growths  were 


obtained  on  serum.  On  broth  moderately  thick  and 
tough  pellicles  were  slowly  formed  ;  they  showed  no 
sign  of  sinking  but  gradually  covered  the  surface  and 
spread  on  to  the  glass.  On  glycerin-agar  the  surfaces 
were  well  covered  with  a  thick  layer  which  gradually 
became  markedly  wrinkled.  On  potato  moderate 
amounts  of  yellowish  brown  growths  were  formed. 


Classification. 
Typical  of  Grade  IV. 


VmUS-H  98.  B.R. 
(Human  Cerebro-Spinal  Fluid.) 

Strain.— Q.F.  2878  from  Original  Material. 


Material  Received. — Sixth  generation,  13  days  old, 
of  culture  isolated  from  G.P.  2878,  which  had  been 
inoculated  with  original  material. 

Cidtural  Characters. — Good  growths  were  obtained 
on  scrum.    On  broth  thin,  small  islands  were  formed  ; 


they  covered  about  three-fourths  of  the  surface  at  the 
end  of  three  weeks,  but  no  further  development  took 
place.  On  glycerin-agar  growth  was  rapid  and  formed 
a  very  wrinkled  but  not  warty  layer.  On  potato  there 
was  a  raised,  yellowish-brown  growth. 


Classification. 
Amongst  the  average  growths  of  Grade  IV. 


VIRUS-H  99.  L.K. 
(Human  Lupus.) 
(1.) 

Strain.— 2927  from  Original  Material. 


Material  Received.- -Fiimavy  culture,  13  days  old, 
isolated  from  G.P.  2327,  which  had  been  inoculated 
with  original  material. 

Cultural  Characters. —  Good  growths  were  obtained 
on  861  um.    On  broth  the  surface  became  gradually 


covered  with  a  very  thin  layer,  which  siiowed  no  signs 
either  of  thickening  or  of  sinking.    On  glycerin-agar 
a  thick,  very  prominently  wrinkled  layer  was  formed.  • 
On  potato  growth  was  abundant  and  reddish-brown 
in  colour. 


Classification. 
Amongst  the  better  growths  of  Grade  IV. 


Str 


(2.) 

-G.P.  2928  from  Original  Material. 


Material  Received. — Primary  culture,  13  days  old, 
isolated  from  G.P.  2928,  which  had  been  inoculated 
with  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  the  surface  became  covered  in 


a  month  with  a  very  thick,  wrinkled  pellicle.  On 
glycerin-agar  the  first  culture  was  rather  scanty,  but 
a  subsequent  culture  was  abunilant.  very  warty,  and 
wrinkled.  On  potato  the  growth  was  good,  with  a 
yellowish-red  pigmentation. 


Classification. 
Amongst  the  average  growths  of  Grade  V. 


VIRUS-H  100.  R.S. 
(Human  Lupus.) 
Straiu.—G.P.  2929  from  Original  Material. 


Material  Received. — Primary  culture,  48  days  old, 
isolated  from  original  material. 

Cultural  Characters. — The  growth  was  at  first  poor 
on  serum,  but  improved  in  later  generations.  On 


broth  (3  attempts)  no  more  than  small,  scattered, 
thin  islands  were  obtained.  On  glycerin-agar  there 
was  a  grey  layer,  thin  on  the  whole,  but  sprinkled 
with  many  raised  colonies.  On  potato  a  scanty  grey 
layer  was  formed. 


Classification. 


Amongst  the  best  growths  of  Grade  II. 
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VIRUS— H  101.  E.G. 
(Human  Lupus.) 
Strain.— G.F.  2932  from  Original  Material. 


Material  Received. — Primary  culture,  33  days  old, 
isolated  from  G.P.  2932,  which  had  been  inoculated 
with  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On   broth  the  surface  became  slowly 


covered  with  a  thin  layer  which  showed  no  tendency 
to  sink.  On  £;lyoerin-agar  the  surface  was  covered 
with  a  fairly  dense  grey  layer,  showing  no  tendency 
to  become  wrinkled  or  warty.  On  potato  a  moderate 
amount  of  brown  growth  was  obtained. 


Classification. 
Amongst  the  best  growths  of  Grade  III. 


VIRUS-H  102.  N.H. 
(Human  Lupus.) 
Strain.— G.F.  2934  from  Original  Material. 


Material  Received. — Primary  culture,  41  days  old, 
isolated  from  G.P.  2934,  which  had  been  inoculated 
with  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 


on  serum.  On  broth  the  surface  becanae  about  three- 
quarters  covered  with  a  moderately  deuse  layer  show- 
ing no  tenderjcy  to  sink.  On  glycerin-agar  a  dense, 
wrinkled  layer  was  formed.  On  potato  growth  jWas 
abundant  and  showed  a  brown  pigmentation. 


Classification. 
Amongst  the  better  growths  of  Grade  IV. 


VIRUS-H  103.  N.S. 
(Human  Lupus.) 
Strain.— Gr.F.  2938  from  Original  Material, 


Material  Received. — Primary  culture,  48  days  old,  glycerin-agar  the  growth  was  dense  and  wrinkled  and 
isolated  from  G.P.  2938,  which  had  been  inoculated  showed  some  small  warts.  On  potato  a  moderate 
with  the  original  material.  amount  of  brick-red  growth  was  obtained. 

Cultural  Characters. — Good  growths  were  obtained        The  bacilli  were  found  to  be  unusually  long,  those 

on  serum.     On  broth   the   surface   became  slowly  grown  on  serum  (14  days)  measuring  from  1-5  to  5 

covered  with  a  homogeneous,  rather  thin  layer,  whic'a  on  broth  (22  days)  2"5  to  8  /t,  on  glycerin-agar  (42 

did  not  thicken  but  showed  no  ten^lency  to  sink.    On  days)  2  to  7  or  8     on  potato  (2  months)  1*5  to  8  fi. 

Classification. 
Amongst  the  average  growths  of  Grade  IV. 


d 


VIRUS-H  104.  E.R. 
(Human  Lung-.) 
Strain. — ORIGINAL  Material. 


Material  Received. — Primary  culture,  37  days  old, 
isolated  Erom  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    Ol  broth  the  surface  became  covered 


in  five  weeks  with  a  fairly  thick,  tough  layer.  On 
glycerin-agar  a  thick,  wrinkled,  and  warty  growth  was 
obtained.  On  potato  there  was  an  abundant,  reddish- 
brown  growth. 


Classification. 
Amongst  the  average  growths  of  Grade  V. 


VIRUS-H  105.  G.S. 
(Human  Lupus.) 
Strain. — G.P.  2850  from  Original  Material. 


Material  Received, — Primary  culture,  40  days  old, 
isolated  from  G.P.  2850,  which  had  been  inoculated 
with  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 


on  serum.  On  broth  no  more  than  a  few  small  islands 
were  obtained.  On  glycerin-agar  there  was  a  scanty, 
unequally  distributed,  greyish  layer.  On  potato  a 
thin  grey  layer  was  formed. 


Classification. 


Amongst  the  average  growths  of  Grade  II. 
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VIRUS-H  106.  K.R. 
(Human  Lupus.) 

Strai7i.—G.P.  2952  from  Original  Material. 


Material  Received. — Primary  culture,  38  days  old, 
isolated  from  G.P.  2952,  which  had  been  inoculated 
with  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.     On   broth   the  surface  became  nearly 


covered  in  two  months  with  a  thin  pellicle  which 
showed  no  tendency  to  sink.  On  glycerin-agar  there 
was  a  grey,  slightly  wrinkled,  but  not  uniformly  thick 
layer.  On  potato  a  fair  amount  of  reddish-brown 
growth  was  obtained. 


Classification. 
Amongst  the  poorer  growths  of  Grade  IV. 


VIRUS-H  107.  H.H. 
(Human  Lupus.) 
Strain. — G.P.  2955  from  Original  Material. 


Material  Received — Primary  culture,  36  days  old, 
isolated  from  G.P.  2955,  which  had  been  inoculated 
with  the  original  material. 

Cultural  Characters. — Growths  on  serum  were  at 


first  poor,  but  in  later  generations  improved.  On 
broth  no  more  than  thin,  scattered  islands  were  ob- 
tained. On  glycerin-agar  the  growth  was  moderately 
thick,  with  no  wrinkles  or  warts.  On  potato  a  scanty 
grey  layer  was  obtained. 


Classification. 
Amongst  the  average  growths  of  Grade  III. 


VIRUS-H  108.  H.R. 
(Human  Lupus.) 
Strain. — G.P.  2957  from  Original  Material. 


Material  Received. — Primary  culture,  36  days  old, 
isolated  from  G.P.  2957,  which  had  been  inoculated 
with  the  original  material. 

Cidtural  Characters. — The  first  cultures  on  serum 


were  poor  ;  later  generations  grew  better.  On  broth 
the  greater  part  of  the  surface  became  covered  with 
discrete,  tbin  islands.  On  glycerin-agar  a  grey,  rather 
S'  snty  layer  was  obtained.  On  potato  discrete,  grey 
colonies  were  formed. 


Classification. 
Amongst  the  poorer  growths  of  Grade  III. 


VIRUS-H  109.  M.W. 
(Human  Lupus.) 
Strain. — G.P.  3002  from  Original  Material. 


Material  Received. — Seventh  generation,  20  days  old, 
of  culture  isolated  from  G.P.  3002,  which  had  been 
inoculated  with  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  a  thick,  tough  pellicle  was  slowly 


formed,  but  failed  to  cover  more  than  three-fourths 
of  the  surface.  On  glycerin-agar  a  thick,  markedly 
wrinkled  growth  was  obtained.  On  potato  there  was 
a  fairly  good,  light  yellow  growth. 


Classification. 
Amongst  the  best  growths  of  Grade  IV. 


VIRUS-H  110.   J.B.  {a). 
(Human  Lupus.) 

strain.— G.V.  3007  from  Original  Material. 

Material  Received. — Tenth  generation,  8  days  old,  Cidturcd  Characters. — The  growths  on  serum  were 
of  culture  isolated  from  G.P.  3007,  which  had  been  poor  ac  first  but  became  good  after  subculture.  On 
inoculated  with  original  material.  broth  giowth  was  poor,  consisting  of  thin,  scanty 
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islands.  On  glycerin-agar  a  very  thin  layer  inter-  On  potato  there  were  a  few  small,  cream-coloured 
spersed  with  some  thicker  patches  was  slowly  formed.  patches. 

Classification. 
Amongst  the  average  growths  of  Grade  II. 


VIRUS-H  110.   J.B.  (6) 
(Human  Lupus.) 
Strain. — G.P.  3289  from  Second  Original  Material. 

Material  Received. — Primary  culture,  20  days  old,  first,  but  afterwards  became  good.  On  other  media 
isolated  from  G.P.  3289,  which  had  been  inoculated  the  cultural  characters  were  identical  with  those  of 
with  the  second  original  material.  the  preceding  strain. 

Cultural  Characters. — Growth  on  serum  was  poor  at 

Classification. 
Identical  with  the  preceding  strain. 


VIRUS-H  111.  S.E. 
(Human  Lupus.) 
Strain. — G.P.  3009  from  Original  Material. 


Material  Received. — Eleventh  generation,  20  days 
old,  of  culture  isolated  from  G.P.  3009,  which  had 
been  inoculated  with  original  material. 

Cultural  Characters. — Growth  on  serum  was  poor  at 
first,  but  became  good  on  subculture.    On  broth  a 


fairly  thick  pellicle  covered  two-thirds  of  the  surface 
in  three  weeks,  and  then  began  to  sink.  On  glycerin- 
agar  the  surface  became  slowly  covered  with  an 
unequal  growth  exhibiting  some  dense  patches.  On 
potato  a  grey,  rather  scanty  growth  was  formed. 


Classification. 
Amongst  the  average  growths  of  Grade  III. 


VIRUS-H  112.  B.B. 
(Human  Lupus.) 
Strain.— Gr.V.  3042  from  Original  Material. 


Material  Received. — Sixth  generation,  20  days  old, 
of  culture  isolated  from  G.P.  3042,  which  had  been 
inoculated  with  original  material. 

Cultural  Characters. — Good  growths  were  obtained 


on  serum.  On  broth  a  thick  wrinkled  pellicle  was 
gradually  formed.  On  glycerin-agar  the  growth  was 
rapid,  wrinkled,  and  somewhat  warty.  On  potato 
there  was  a  fairly  abundant,  raised  brown  growth 


Classification. 
Amongst  the  poorer  growths  of  Grade  V. 


VIRUS-H  114.  A.U. 
(Human  Lupus.) 

Strain. — G.P.  3046  from  Original  Material. 


Material  ^ece/rerf.— Primary  culture,  20  days  old, 
isolated  from  G.P.  3046,  which  had  been  inoculat&d 
with  original  material. 

Cultural  Characters.— Good  growths  were  obtained 


on  serum.  On  broth  a  thick  pellicle  was  formed  in 
three  weeks  and  showed  no  tendency  to  sink.  On 
glycerin-agar  a  thick,  very  wrinkled,  and  somewhat 
warty  layer  was  readily  formed.  On  potato  there 
was  a  raised,  fairlj'  abundant,  yellow  growth. 


Classification. 


About  the  average  of  Grade  V. 
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VIRUS-H  115.  N.G. 
(Human  Cerebro-Spinal  Fluid.) 

Straiiis.~G.Fs.  3086  and  3087  from  Original  Material. 

Material  Received. — Primary  cultures,  each  44  days  fairly  thick  i3ellicles,  with  no  tendency  to  sink,  were 

old,  from  G.Ps.  3086  and  3087,  which  were  inoculated  formed  rather  slowly.    On  glyceria-agar  thick,  very 

with  original  material.  wrinkled  growths  were  readily  formed.     On  potato 

Cultural  Characters.-Both  strains  proved  identical.  there  were  obtained  fairly  abundant,  light  yellow 

Good  growths  were  obtained  on  serum.    On  broth  growths. 

Classification. 
Amongst  the  best  growths  of  Grade  IV. 


CLASSIFICATION  OF  HUMAN  STRAINS. 


Grade. 

Cultural  Vigour 
Relative  to  Grade. 

Strain. 

Virus. 

Original  Human  Material. 

1. 

>J 
M 
J) 

Below  averatre 

Utiii  11//  (^1:1  ejiCapuiar  ijriana  ) 
uaii  J  Jo/  (^Jriescapuiar  vriauci ) 

/'Rrnnr.lTinl  nionrl^ 

y,         (^r>i ouciiidi  iriaiKi )  ... 

^,               ^  IT  Ui  Ltli  vTitllill  J     ...  ... 

IT  1  0       A  "n 
n.  10.  A.U. 

oioncniai  giantis  diiu  hpiccii. 

u  J) 

M 

Original  Material   

H89.  W.I. 

Mesenteric  gland. 

M 

J) 

-rt-  V  tjl  tig  t:- 

Hnlf  1177  /''^i-ilpPTi  ^ 

XT  1  Q        A  T\ 

n  lo.  A.U. 

RiTin/^Viinl  (vlanfla  QYirl  qvaIppti 
iJlUJ-lvllltH  glctlH-lS  ctllU  o^lCCi-i. 

1  li'T  o'l  n  1 1    Tvl  n  f"0 1'l  o  1 

iTJ-clteiltll       ...              ...  ... 

TT  WW        p  T 

)) 

Above  average 

Original  Material   

Mesenteric  gland. 

II. 

Rplnw  fivprncp 

Mnn  Vpv  191 

11  00.  tl.D, 

Lupus. 

)) 

XX  V  CI  C 

fi-  P     9^iP;n   frnm    Oviointil  Mof^i^iQl 
VT.l:  .    jiOt>U    11 UUJ.    yJL  1  !4  llla.1  iTlciberiai 

xl  iUO.  Lr.D. 

Lupus. 

)) 

J  J 

IT  1  in    T  U  C/A 

Lupus. 

?) 

)» 

(t  P    H9,SQ  f  rnvn   Oricrinal  Mni-prinl 

)t 

A  iimrp  n  VP VI  (TP 

Xi  UU  V  C  ct  V  C I  tl^  t-- 

On  If  l^S^ 

v^Uil    lOOO           ...              ...              ...  ... 

11  yU.  l.Jr. 

iit;  trU-pcl  1  LOlICi-ll    g  IctiLlU., 

M 

Calf  1471   

J)  H 

)> 

Cr  P     9Q9Q   frniTl    Orifrinnl  ATnfoviol 

XI  lUU.  rt.o. 

1  1  n  I'M  T  £• 
U  up  Uo. 

III. 

Rplnw  flvpvno'P 

IT  KQ  n  IT  r//^ 

Lupus. 

») 
» 

)» 
)> 

G.P,  321G  from  Second  Original 

Material. 
vT.j- ,  ^ovv  iiom  uiigmui  iviatjeriai 

II  (») 
TT  ni        TT  C! 

xl  yi.  n.b. 

Lupus. 

It 

rip     OOf^?   frr^m    Orirn'riQl  Mof^ivinl 

II  inC2    IT  u 

xl  1UC5.  xi.xt. 

Lupus. 

a 

A  TTPVa  (T 

iO.  V  clojg  r 

P    97n'^  fl'm-n  Polf  19FC7 

IT  KQ          TT  /'^\ 
tl  DC.  U.ti.  C«) 

Lupus. 

)» 

I) 

>» 

Laii  iiVio  (^inoracic  Lilaiicl} 

(Portal  Gland)  

II  («) 
(«) 

it 

Calf  1833   

(«) 

» 

Calf  1107  (Prescapular  Gland)  ... 

H60.  W.B. 

Bronchial  glands. 

JJ 

„        (Portal  Gland)  

G.P.  2368  from  Original  Blaterial 

H85.  H.B. 

Lupus.  \. 

»> 
)) 

Chimpanzee  11  (Spleen)   

„        11  (Mesenteric  Gland) 

•) 

)) 

Original  Material  ... 

H88.  E.L. 

Mesenteric  gland. 

1) 

G.P.  295.5  from  Original  Blaterial 

H107.  H.H. 

Lupus. 

)) 

G.P.  3009  from  Original  Material 

Hill.  S.E. 

Lupus. 

»> 

Above  average 

Calf  1155  (Prescapular  Gland)  ... 

H  53.  D.H.C") 

Lupus. 

„  (Lung)   

(") 

V 

^» 

Calf  1199   

(«) 

5! 

n 

G.P.  1825  from  Original  Material 

H60.  W.B. 

Bronchial  gland. 

27676 
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CLASSIFICATION  OF  HUMAN  STRAmS— continued. 


Grade. 


Cultural  Vigour 
Relative  to  Grade. 


Strain. 


Virus. 


Orig-inal  Human  Material 


III. 


IV. 


Above  average 


Below  average 


Average 


Above  average 


G.P.  1926  from  Original  Material 
G.P.  1924  from  Original  Material 
G.P.  1945  from  Original  Material 
G.P.  2932  from  Original  Material 

Rabbit  1228   

G.P.  1914  from  Original  Material 

Calf  1143   

Calf  1329  (Lung)   

,,        (Prescapular  Gland)  ... 

Original  Material   

Original  Material  

G.P.  1938  from  Original  Material 

Original  Material  

Original  Material   

Original  Material   

G.P.  2018  from  Original  Material 

Dog  33   

Original  Material  

Calf  1279   

Calf  1281   

Calf  1369   

Calf  1375   

G.P.  2239  from  Original  Material 
G.P.  2952  from  Original  Material 
G.P.  1827  from  Original  Material 
Cow  77  (Prescapular  Gland) 

„  (Milk)   

G.P.  1933  from  Original  Material 

Original  Material   

G.P.  1928  from  Original  Material 
G.P.  2888  from  Original  Material 

Original  Material  

G.P.  2187  from  Original  Material 

Parrot  7   •   

G.P.  2395  from  Original  Material 
G.P.  2522  from  Original  Material 
G.P.  2609  from  Original  Material 
G.P.  2611  from  Original  Material 
G.P.  2878  from  Original  Material 
G.P.  2938  from  Original  Material 
G.P.  1829  from  Original  Material 
G.P.  1832  from  Original  Material 

Calf  1167   

Calf  1361  ... 

G.P.  2133  from  Original  Material 


H69.  P.K. 

H72.  H.C. 
HlOl.  E.G. 
H60.  W.B. 
H67.  E.P. 


H68.  R.B. 
H70.  N.W. 
H  71.  L.V.  («) 
H74.  D.S. 


H75.  A.H. 
H79.  J.N. 
H  80.  D.M. 


H82.  G.F. 
H106.  K.R. 
H60.  W.B. 
H68.  R.B. 

H70.  N.W. 


H76.  G.M. 

H78.  O.D. 

H80.  D.M. 

H81.  P.W. 

H86.  CP. 

H90.  LP. 

H93.  CD. 

H98.  B.R. 
H103.  N.S. 

H60.  W.B. 

H68.  R.B. 

H78.  O.D. 


Mesenteric  gland. 
Meninges  of  brain. 
Abscess  of  rib. 
Lupus. 

Broncliial  gland. 
Scapular  abscess. 


Sacral  abscess. 

Lung. 

Lupus. 

Mesenteric  gland, 
Broncliial  gland. 
Spleen. 

Peritoneal  fluid. 

Lung. 

Lung. 


Mesenteric  gland. 

Lupus. 

Lung. 

Sacral  abscess. 
)) 

Cervical  gland. 
Bronchial  glands. 
Mesenteric  glands. 
Knee  joint. 
Bronchial  gland. 
Lung. 
Lung. 

Meninges  of  brain. 
Mesenteric  gland. 
Lung. 
Acne  spot. 
Cerebro-spinal  fluid. 
Lupus. 

Mesenteric  gland. 
Brain. 

Sacral  abscess. 
I) 

Lung. 
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CLASSIFICATION  OF  HUMAN  STRAINS,— coiitiimed. 


G-rade. 

Cultural  Vigour 
Relative  to  Grade. 

Strain. 

Virus. 

Original  Human  Material 



IV. 

Above  average. 

(jT.l:^.  1^1 54  iroul  urigiuaL  ividLciiaii 

TT  .IN 

Lung. 

J» 

jj 

Rabbit  1085  from  Original  Material 

ft 

J) 

JJog  oi 

» 

It 

Ijr.i  .  ZoDiJ  n  GUI  xiorbti  i  ... 

H  81    P  W 

Lung. 

» 

ti 

(jr. Jr.  IZo^  iroiu  uiigmai  iviapLt^iicii 

Lung. 

it 

it 

.  llii   irom  urigiiiai  iviaTjeiicii 

Lupus. 

f> 

Gr.P.  from  Original  Material 

H87.  W.D. 

Suprarenal  capsule. 

») 

Original  Material 

TT  Qfl  TP 

Retro-peritoneal  glands. 

f) 

P                 frnm    Oricriinl  Material 

H  99    L  K 

Lupus. 

)) 

VT.x,  /yo'i  IlOm  wrigiuai  i*xciucnai 

H  102    N  H 

XX    3.\Jfi^t        XI  aXi* 

Lupus. 

J) 

)) 

G.P.  3002  from  Original  Material 

H 109.  M.W. 

Lupus, 

j> 

P  "P    QAQfi    ffnvn   Oritrinnl  Mntprial 

G.P.  3087  from  Original  Material 

H  Uf)    N  G 

XX    XXtJ.  Xl.U* 

Cerebro-spinal  fluid. 

V. 

Below  average 

Calf  1175  (Mediastinal  Gland)  ... 

H13.  A.D. 

Bronchial  glands  and  sple 

)J 

r*  "P    9199    fi-nm  Orifrinnl  Mfltpvial 
(jT.-T,   ^V^.^    ilUm   \_/XlgliJc*i   uxOiUt;!.  iwi. 

H  78.  O.D. 

Meninges  of  brain. 

»» 

Original  Material  ... 

H  79    J  N 

XX    i  xJ.       CI  .Xi  • 

Lung. 

It 

uaii  i^Tio      ...       ••■  ••• 

n 

Uaii  itilo 

TI  an  DM 

XX  Cjv.       Xy  .i.TX. 

Lung. 

)» 

\jCu\.i-    \.Lj\J'}             •    •                ••*  ••• 

Dog  19 

» 

G  P.  3042  from  Original  Material 

H  112.  B.B. 

Lupus. 

J) 

ii  Vcl  tlgt? 

G.P.  3021  from  Original  Material 

H71.  L.V.C') 

Lupus. 

ji 

J) 

G.P,  2159  from  Original  Material 

H75.  A.H. 

Lung. 

)) 

n 

PnH'  1  997 

H  79    J  N 

Lung. 

>» 

n 

Calf  1305   

J' 

11 

)?■ 

Calf  1321  (Mediastinal  Gland)  ... 

tt 

IT 

„       (Portal  Gland)  

J) 

11 

J» 

Calf  1325   

11 

)) 

Oi'icrinnl  Mntprial      ..  ... 

H81.  P.W. 

Lung. 

ti 

)) 
)> 

U 

/~i            o.ll  O     -Pi.x-it-n         »»I       n  n  1    l\Tn  ■foVT  n  1 

(jT.i .  JtZiZ  irom  uiitJiUtii  iuatciitii 
Call  1129 

(Jail  114o  (i  lescapuiai  vxidin.i; 

(^ivieciiabuiucii  vjitiiiu/  ..• 

)) 

)! 
)' 
JJ 

Calf  1357   

tt 

1 

11 

)> 

„ 

Calf  1399   

;) 

Original  Material   

H83.  G.C. 

Mesenteric  gland. 

^> 

Original  Material   

Bronchial  gland. 

)) 

}? 

urigindi  ititibt  1  itti 

Meninges  of  brain. 

»» 

CPs.  2592-3  from  Original  Ma- 
terial . 

H92.  D.N. 

Lupus. 

)f 

»» 

G.P.  2928  from  Ori;j-inal  Material 

H99.  L.K. 

Lupus. 

j> 

Original  Material   

H  104.  E.R. 

1 

Lung. 

» 

G.P.  3016  from  Original  Material 

H114.  A.U. 

Lupus 

27076 
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SUMMARY  OF  RESULTS. 
(1)  Additional  Strains  of  Old  Viruses. 


Virus—B.  13.  A.D. 

Three  strains  previously  reported,  1  in  Grade  IV 
(Calf  301)  and  2  in  Grade  I  (Rat  15  from  Calf  301 
and  Calf  321  from  Calf  301). 

Six  new  strains,  1  in  Grade  V  (Calf  1175  from 
Calf  301)  and  5  in  Grade  I  (2  strains  of  Calf  1177 
from  Calf  301  and  3  strains  of  Calf  1237  from 
Calf  1175). 

Virus— U  53.  D.H. 

Two  strains  previously  reported,  both  in  Grade  III. 
Nine  new  strains,  all  in  Grade  III,  8  derived  through 
various  animals  from  the  same  original  human  mate- 


rial (a),  and  1  derived  from  the  second  original 
material  (6)  obtained  from  the  same  subject. 

Comments. 

These  results  confirm  those  previously  obtained. 
In  the  case  of  H  13.  A.D.  it  has  again  been  shown 
that  cultures  of  very  much  lower  luxuriance  may,  by 
animal  passage,  be  obtained  from  the  culture  derived 
from  Calf  301.  The  classification  of  H  53.  D.H.  has 
been  confirmed  by  8  additional  strains  derived,  ulti- 
mately, from  the  same  original  material,  and  by  a 
strain  derived  from  tissue  removed  3-i\  years  subse- 
quently from  the  same  human  subject. 


(2)  New  Viruses. 


In  22  out  of  the  44  new  viruses  it  was  not  con- 
sidered necessary  to  investigate  more  than  one  strain. 
In  each  of  the  remaining  22,  more  than  one  strain 
was  examined  ;  some  of  these  latter  viruses  presented 
features  of  special  interest,  in  others  the  reason  for 
examining  more  than  one  strain  was  mainly  to  see 
how  far  strains  presumably  identical  in  character 
yielded  identical  features  on  artificial  media  ;  86  strains 
belonging  to  these  22  viruses  were  examined. 

Out  of  the  total  44  new  viruses,  2  were  classed  in 
ijrrade  I,  3  in  Grade  II,  1  in  Grades  II  and  III,  8  in 
Grade  III,  1  in  Grades  II  and  IV,  1  in  Grades  III 
and  IV,  16  in  Grade  IV,  7  in  Grades  IV  and  V,  and 
5  in  Grade  V. 

In  relation  to  the  original  human  material  the  dis- 
tribution is  as  follows  : — 

Grade  I. — H  77.  R.L.  (Liver  and  Mesenteric  Gland)  ; 
H  89.  W.I.  (Mesenteric  Gland  and  Lung). 

Grade  II.— U  100.  R.S.,  H  105.  G.S.,  and  H  110. 
J.B.  (all  Lupus). 

Grades  II  and  III.—B.  85.  H.B.  (Lupus). 

Grade  III.—E.  69.  F.K.  (Mesenteric  Gland  and 
Meninges  of  Brain)  ;  H  72.  H.C.  (Abscess  of  Rib)  ; 
H  88.  E.L.  (Mesenteric  Gland) ;  H  91.  H.S.,  H  101. 
E.G.,  H  107.  H.H.,  H  108.  H.R.,  and  H  111.  S.E.  (all 
Lupus). 

Grades  II  and  IV.— Yi  90.  I.P.  (Mesenteric  Gland 
and  Retroperitoneal  Gland). 


Grades  III  and  IV.— U  60.  W.B.  (3  strains  from 
Bronchial  Gland  in  III,  1  strain  from  Bronchial 
Gland  and  strains  from  Brain,  Mesenteric  Gland,  and 
Lung  in  IV). 

Grade  IV.— B.  67.  E.P.  (Scapular  Abscess)  ;  H  68. 
R.B.  (Sacral  Abscess)  ;  H  70.  N.W.  (Lung,  Cervical 
Gland,  Bronchial  Glands,  and  Mesenteric  Glands)  ; 
H  74.  D.S.  (Mesenteric  Gland,  Bronchial  Gland,  and 
Spleen)  ;  H  76.  G.M.  (Knee  Joint)  ;  H  82.  G.F. 
(Mesenteric  Glands  and  Lung) ;  H  84.  M.S.  (Lupus)  ; 
H  86.  CP.  (Meninges  of  Brain)  ;  H  87.  W.D. 
(Suprarenal  Capsule)  ;  H  93.  CD.  (Lung  and  Acne 
Spot)  ;  H  98.  B.R.  (Cerebro-spinal  Fluid)  ;  H.  102. 
N.H.,  H  103.  N.S.,  H  106.  K.R.,  H  109.  M.W.  (all 
Lupus)  ;  H  115.  N.S.  (Cerebro-spinal  Fluid). 

Grades  IV  and  V. — H  71.  L.V.  (Lupus — strain 
(a)  in  IV,  (&)  in  V)  ;  H  75.  A.D.  (Peritoneal  Fluid  in 
IV,  Lung  in  V)  ;  H  78.  O.D.  (Bronchial  Gland  and 
Lung  in  IV,  Meninges  of  Brain  in  V)  ;  H  79.  J.N. 
(4  strains  from  Lung  in  IV,  8  strains  from  Lung  in 
V)  ;  H  80.  D.M.  (6  strains  from  Lung  in  IV,  3  strains 
from  Lung  in  V)  ;  H  81.  P.W.  (2  strains  from  Lung 
in  IV,  7  strains  from  Lung  in  V)  ;  H  99.  L.K. 
(Lupus — strain  from  one  G.P.  in  IV,  from  another 
in  V). 

Grade  V. — H  83.  G.C  (Mesenteric  Gland,  Bronchial 
Gland,  Menioges  of  Brain)  ;  H  92.  D.N.  (Lupus)  ; 
H  104.  E.R.  (Lung)  ;  H  112.  B.B.,  H  114.  A.U.  (both 
Lupus). 


THE  CULTURAL  CHARACTERS  OF  BACILLI  ISOLATED  FROM  SPUTUM. 


In  addition  to  the  preceding  strains  Dr.  A.  S. 
Griffith  has  sent  to  me  for  examination  cultures  which 
he  isolated  from  the  sputum  of  28  patients.  Before 
collecting  the  sputum  special  precautions  were  taken 
to  avoid  the  risk  of  food  contamination  by  living 
tubercle  bacilli  of  animal  origin. 

These  viruses  were  numbered  H  118 — H  145. 
Twenty-three  of  them  grew  luxuriantly  on  my  usual 
test  media  ;  and,  on  looking  over  my  notes,  I  find 
that  I  have  classed  them  in  Grade  V  in  all  but  one 
instance,  where  I  described  the  growth  as  being  equi- 
valent to  the  best  of  Grade  IV.  These  23  viruses  call 
for  no  further  comment. 

About  the  remaining  five  viruses  the  results  of  my 
observations  are  as  follows  : — 


H  lis.  F.C. — Typical  of  the  poorer  growths  in 
Grade  III. 

II  122.  F.P.— The  growths  on  potato  (3  trials) 
were  no  better  than  the  poorer  growths  of  Grade  III, 
but  the  growths  on  broth  and  glycerin-agar  were  very 
luxuriant  and  typical  of  Grade  V. 

H  127.  i?./?.— Typical  of  Grade  I. 

TI 128.  Typical  of  Grade  I. 

II 133.  P. II. — The  growths  on  glycerin-agar  (3  trials) 
were  no  better  than  the  poorer  growths  of  Grade  III, 
but  the  growths  on  broth  and  potato  were  equivalent 
to  those  of  Grade  IV. 
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III.-THE  CULTURAL   CHARACTERS  OF   SWINE  VIRUSES. 


CULTURAL  CHARACTERS  OF  INDIVIDUAL  STRAINS. 
VIRUS-P  L 


Material  Received. — Fifth  generation,  8  days  old,  of 
culture  isolated  from  original  material. 

Cultural  Characters. — On  pure  seruu  good  growths 
were  obtained  after  the  first  culture,  which  developed 
slowly  and  was  rather  poor.  Broth  cultures  covered 
the  surface  in  about  five  weeks  with  a  thin,  semi- 
transparent  pellicle.  On  glycerin-agar  a  few  colonies 
became  prominent  during  the  second  month,  but  the 


rest  of  the  surface  showed  a  very  thin  layer,  amount- 
ing to  little  more  than  a  dull  grey  haze.  On  potato, 
after  a  slight,  non-pigmented  increase  during  the  first 
fortnight,  the  culture  ceased  to  grow. 

On  glycerin-agar,  in  a  27  days'  film,  the  bacilli 
were  rather  longer  than  is  usual  with  strains  which 
grow  so  poorly.  They  varied  in  length  from  1  to  4  ; 
many  of  them  were  curved,  and  they  were  frequently 
beaded. 


Classification. 
Amongst  the  average  growths  of  Grade  I. 


VIRUS-P  IL 
(1.) 

Strain. — Original  Material. 


Material  Received. — Twenty-first  generation,  5  days 
old,  of  culture  isolated  from  original  material. 

Cultural  Characters. — On  pure  serum  a  moderate 
amount  of  growth  was  obtained  ;  it  was  white  and 
distinctly  slimy  in  appearance.  On  glycerinated  serum 
the  growth  was  more  abundant  ;  the  surface  was  well 
covered  in  a  week  with  thick,  slimy  streaks  and 
patches.  In  broth  flasks,  containing  a  layer  of  gly- 
cerinated serum  at  one  side,  the  bacilli  refused  to 
float  on  the  surface  of  the  broth  ;  they  grew  down- 
wards and  formed  an  abundant  deposit  at  the  bottom 
of  the  flasks.  On  glycerin-agar  there  was  an  abun- 
dant, white,  putty-like  growth  which  developed  rapidly 
during  the  first  fortnight  and  showed  no  more  increase 
after  further  incubation.  On  potato  numerous  grey 
colonies  appeared  during  the  first  week  ;  the  bacilli 


continued  to  multiply  slowly,  and  at  the  end  of  two 
months  the  growth  was  fairly  abundant  ;  during  the 
development  of  the  culture  yellow  pigment  was 
formed. 

The  bacilli  stained  like  ordinary  tubercle  bacilli. 
On  horse  serum,  in  a  14  days'  film,  they  were 
notably  short ;  they  varied  in  length  from  '5  to 
1'5  fi  ;  forms  as  long  as  1"5  /x  were  not  frequent, 
and  the  average  was  not  over  '75  ju  ;  the  bacilli  were 
straight  and  uniformly  stained.  On  glycerinated 
horse  serum  the  bacilli  resembled  those  grown  on 
pure  serum.  On  glycerin-agar,  in  a  42  days'  film, 
the  majority  of  the  bacilli  varied  in  length  from 
1  to  3  /I  and  were  straight  and  uniformly  stainerl  ; 
there  were  a  few  forms  as  long  as  G  or  7  /t  which 
were  curved  and  stained  uniformly. 


Classification 
a  tubercle  bacillus  of  the  avian  type. 


( 

Strain. — Monkey 

Material  Received. — Primary  culture,  45  days  old, 
isolated  from  the  local  lesion  of  Monkey  118,  which 
had  been  inoculated  with  culture  of  (1). 

Cultural  Characters. — On  pure  serum  rather  poor 
growths  were  obtained,  whilst  on  glycerinated  serum 
the  yield  was  distinctly  good  ;  on  both  media  the 
growth  was  pale  and  slimy.  On  broth  the  bacilli 
refused  to  float.  On  glycerin-agar  an  abundant, 
white,  slimy  growth  was  obtained  at  the  end  of  a 
week  ;  after  the  end  of  the  second  week  there  was  no 
further  increase.  On  potato  a  slow  increase  was 
observed  until  nearly  the  end  of  the  second  month  ; 
the  yield  was  fairly  abundant  and  at  first  cream 
coloured  but  afterwards  deep  yellow. 


I.) 

18.    {Local  Lesion.) 

On  horse  serum  the  bacilli  resembled,  morphologi- 
cally, those  of  strain  (1)  grown  on  this  medium.  On 
bovine  serum,  in  a  15  days'  film,  in  addition  to  the 
usual  short  and  straight  forms,  there  were  some 
much  longer  (3  to  4  ^i)  ;  these  were  uniformly  stained 
and  notably  thick.  On  glycerin-agar,  in  a  42  days' 
film,  whilst  the  majority  of  bacilli  were  short, 
and  uniformly  stained,  much  thicker  and  longer 
forms  (sometimes  as  long  as  6  to  7  /<)  were  fre- 
quent ;  some  of  these  showed  thickened,  somewhat 
club-shaped  extremities.  On  potato,  in  a  56  days' 
film,  the  great  majority  of  the  bacilli  were  from 
•75  to  3  ;u  in  length,  straight,  and  uniformly 
stained. 


Classification. 
Identical  with  the  preceding  strain. 


(3.) 

S<m«).— Monkey  118.  {Spleen.) 

Material  Received. — Primary  culture,  45  days  old.  Cultural  Characters.— Good  cultures  were  obtained 
isolated  from  the  spleen  of  Monkey  118,  which  had  on  pure  serum  and  on  glycerinated  serum  ;  on  both 
been  inoculated  with  culture  of  (1).  media  the  cultures  had  a  dry  appearance,  which  wa.s 


*  Most  of  the  swine  viruses  were  derived  from  submaxillary  lymphatic  glands ;  in  cases  where  some  other  tissue  was  used 
A3  the  original  material,  mention  is  made  of  it  in  my  note  on  "  .1/aterial  Received.'" 
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in  contrast  to  the  slimy  growth  exhibited  by  the  two 
preceding  strains.  On  broth,  in  the  earlier  cultures, 
some  delicate  patches  were  found  floating  during  the 
second  week,  but  shortly  afterwards  they  all  sank  ; 
later  cultures  rapidly  covered  the  surface  with  a  grey 
speckled  pellicle ;  some  of  this  material  sank,  but 
further  growth  then  took  place  and  the  flasks 
remained  well  covered  at  the  end  of  two  months. 
On  glycerin-agar  a  thin,  grey,  semi-opaque  layer  with 
many  small  granular  points  was  slowly  formed  ;  little 
increase  took  place  after  the  third  week,  and  at  the 


end  of  two  months  the  total  yield  was  scanty  ;  in 
contrast  to  the  two  preceding  strains  the  growth  was, 
throughout  its  development,  dry.  On  potato  there 
was  hardly  any  perceptible  increase  before  the  end  of 
the  third  week  ;  at  the  end  of  two  months  there  was 
a  scanty  grey  layer. 

On  glycerin-agar,  in  a  42  days'  film,  the  bacilli 
were  on  the  whole  short  and  straight  {'lb  to  3  ix) 
and  many  of  them  were  notably  thick  ;  on  potato 
they  were  longer  (1  to  5ju)  and  frequently  curved 
and  beaded. 


Classification. 

a  marked  divergence  from  the  avian  type  exhibited  by  the  two  preceding  strains,  and  a  general 
correspondence  to  the  mammalian  type  with  a  cultural  luxuriance  equivalent  to  the  poorer  strains  in  Grade  III. 


VIRUS-P  III. 
(1.) 

Strain. — Original  Material. 


Material  i?ece«'e(?.— Sixteenth  generation,  67  days 
old,  of  culture  isolated  from  the  original  material. 

Cultural  Characters. — A  fair  amount  of  growth  was 
obtained  on  pure  serum  ;  on  glycerinated  serum  the 
yield  was  much  better ;  on  both  media  it  was 
distinctly  slimy.  The  bacilli  refused  to  grow  on  the 
surface  of  broth.  On  glycerin-agar  a  white,  slimy, 
fairly  abundant  layer  was  rapidly  formed  ;   no  in- 


crease took  place  after  the  second  week.  On  potato 
grey  colonies  appeared  during  the  first  week  ;  there 
was  afterwards  a  gradual  increase,  until  near  the 
end  of  the  second  month,  and  a  yellow  pigment  was 
formed. 

The  bacilli  on  the  whole  were  short  and  straight  ; 
some  longer  and  much  thicker  forms  were  noted  on 
glycerin-agar. 


Classification, 
a  tubercle  bacillus  of  the  avian  type. 


(2.) 

Siram.— G.P.  1612  from  Calf  282. 


Material  Received. — Primary  culture,  67  days  old, 
isolated  from  G.P.  1612,  which  had  been  inoculated 
from  Calf  282.  The  latter  animal  had  been  inoculated 
with  culture  of  (1). 

Cultural  Characters. — Good  growths  were  obtained 
on  pure  serum  and  on  glycerinated  serum,  and  on 
both  media  the  cultures  were  dry  in  appearance. 
On  broth,  small  islands,  some  of  them  fairly  thick, 
covered  about  a  third  of  the  surface  in  a  fortnight ; 
during  the  following  fortnight  the  surface  growth 
was  increased  to  about  twice  the  amount  ;  it  then 
began  to  sink,  but  opaque,  finely  granular  islands 
remained  floating.    On  glycerin-agar  the  growth  was 


dry  ;  it  grew  slowly  for  about  five  weeks  and  became 
moderately  dense  and  markedly  granular  ;  some  of 
the  larger  granular  colonies  exhibited  a  yellow  pig- 
ment, which  faded  during  the  second  month.  On 
potato  there  was  a  slow,  steady  increase  ;  during  the 
second  month  the  growth  became  fairly  abundant ; 
about  the  third  week  a  yellow  pigment  was  observed 
which  afterwards  became  rather  paler. 

On  potato,  in  a  56  days'  film,  the  bacilli  varied 
in  length  from  1  to  6  /<,  and  were  often  curved  and 
beaded.  On  other  media  the  bacilli  were  shorter 
(1  to  3  n)  and  more  generally  straight  and  uniformly 
stained. 


Classification. 

A  marked  divergence  from  the  avian  type  exhibited  by  the  preceding  strain  ;  the  general  characters- 
are  those  of  mammalian  bacilli  classed  amongst  the  best  growths  of  Grade  III. 


vmus-p  IV. 
(1.) 

Strain. — Original  Material. 


Material  Received. — Fifth  generation,  12  days  old, 
of  culture  isolated  from  original  material. 

Cultural  Characters. — On  pure  serum  abundant 
growths  were  readily  obtained.  On  broth  the  surface 
became  covered  in  five  weeks  with  a  thick,  some- 
what wrinkled  and  warty  pellicle  which  showed  no 
tendency  to  sink.  On  glycerin-agar  the  growth  was 
rapid,  rather  moist,  thick,  and  prominently  wrinkled. 
On  potato  growth  commenced  vigorously,  with  the 
formation  of  a  yellowish  brown,  crumb-like  layer  in 


three  weeks  ;  after  this  period  very  little  further 
increase  took  place  and  the  surface  never  became 
more  than  half  covered. 

On  bovine  serum,  in  a  16  days'  film,  the  majority 
of  the  bacilli  were  of  the  usual  type,  but  a  few 
were  longer  (3  to  4  jx),  curved,  and  uniformly  stained. 
On  glycerin-agar  the  bacilli,  in  a  27  days'  film,  were 
shorter  (1  to  2'5  /x)  than  is  usual  for  good  cultures  ; 
but  on  broth  and  potato  they  were  of  the  more- 
usual  type,  viz.,  long  (1  to  4-5  /<)  and  curved. 


Classification. 


Amongst  the  less  abundant  growths  of  Grade  V. 
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(2.) 

Stram.—CALV  312. 


Material  Received. — Fourth  generation,  17  days 
old,  of  culture  isolated  from  the  lung  of  Calf  312. 

Cultural  Characters. — Good  growths  were  obtained 
on  pure  serum.  On  broth  the  surface  was  covered  in 
three  weeks  with  a  thick,  warty  pellicle  which  showed 
no  tendency  to  sink.  On  glycerin-agar  the  growth 
was  rapid  and  became  markedly  wrinkled  and  some- 


what warty.  On  potato  a  fairly  abundant  yellow 
growth  was  obtained  ;  the  pigment  afterwards  became 
deeper. 

On  glycerin-agar,  in  a  42  days'  film,  the  bacilli 
varied  in  length  from  1  to  4"5  jit ;  they  were  frequ°ntly 
curved  ;  globular  swellings  were  rather  numerous,  but 
otherwise  the  staining  was  uniform. 


Classification. 
The  same  position  as  the  preceding  strain. 


(3.) 


Strain. — Rabbit  556 

Material  Received. — Primary  culture,  77  days  old, 
isolated  from  the  lung  of  Rabbit  556,  which  had  been 
inoculated  with  culture  from  Calf  312. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  a  grey,  moist  pellicle  grew 


{Lung)  from  Calp  312. 

rapidly  and  soon  began  to  sink.  On  glycerin-agar  a 
greyish,  scanty  layer  speckled  with  some  denser 
points,  was  slowly  formed.  On  potato  the  growth  was 
scanty  and  non-pigmented  ;  small  grey  colonies  were 
slowly  formed. 


Classification. 
Amongst  the  average  growths  of  Grade  II. 


(4.) 


S<ra(H.— Rabbit  556  {Sternal  Gland)  from  Calf  312. 


Material  Received. — Primary  culture,  107  days  old, 
isolated  from  the  sternal  gland  of  Rabbit  556,  which 
had  been  inoculated  with  culture  from  Calf  312. 

Cultural  Characters.'— Gvoyrth  on  serum  was  satis- 
factory. On  broth  growth  was  slow  ;  a  moderately 
thick  layer  was  formed  which  never  completely 
covered  the  surface  but  showed  no  tendency  to  sink. 


On  glycerin-agar  a  scanty,  greyish  layer  with  a  few 
denser  points  was  quickly  formed,  but  no  further 
growth  took  place  and  the  ultimate  yield  was  very 
scanty.  On  potato  a  scanty,  white  layer  was  slowly 
formed. 

The  bacilli  grown  on  media  other  than  serum 
showed  only  a  slight  deviation  from  the  serum  type. 


Classification. 
No  appreciable  difference  from  the  strain  isolated  from  the  lung. 


(5.) 


Strain. — Rabbit  557  from  Calf  312. 


Material  Received. — Sixth  generation,  7  days  old,  of 
culture  isolated  from  Rabbit  557,  which  had  been 
inoculated  with  culture  from  Calf  312. 

Cultural  Characters. — Growths  on  serum  were  satis- 
factory. On  broth  the  surface  became  covered  in 
three  weeks  with  an  opaque,  moderately  dense  layer 


which  shortly  afterwards  became  moist  and  sank.  On 
glycerin-agar  a  moderately  dense,  granular  layer  was 
obtained.  On  potato  the  growth  was  not  very  copious 
but  exhibited  a  yellow  pigment. 

The  bacilli,  on  various  media,  only  exhibited  a 
slight  divergence  from  the  serum  type. 


Classification. 

Amongst  the  better  growths  of  Grade  III,  but  not  equal  to  the  best. 


VIRUS-?  V. 


Material  Received. — Second  generation,  26  days  old, 
of  culture  isolated  from  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
without  difficulty  on  pure  serum.  On  broth  the 
surface  was  covered  in  a  month  with  a  very  thin 
pellicle  which  during  the  fifth  week  became  moist 


and  began  to  sink.  A  scanty,  moist,  greyish  layer 
was  formed  on  glycerin-agar  during  the  second  and 
third  weeks  ;  no  further  change  was  noted  until  the 
eighth  week,  when  some  denser  grey  points  and 
patches  appeared.  On  potato  there  was  a  scanty 
cream  coloured  growth. 


Classification. 


Amongst  the  poorer  growths  of  Grade  II. 
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VIRUS-P  VI. 


Material  Received.  —  A  portion  of  the  spleen  ot 
G.P.  1515,  which  had  been  inoculated  with  the 
original  material  (inguinal  gland).  In  a  smear  made 
from  this  material  bacilli  were  not  very  numerous  ;  a 
few  were  found  in  one  out  of  every  five  or  six  micro- 
scopic fields.  They  measured  from  2  to  3"5  in  length 
and  were  generally  curved  and  beaded. 

Cultural  Characters. — On  bovine  serum  inoculated 
with  an  emulsion  of  the  spleen  small  groups  of  very 
minute  translucent  colonies  were  just  visible  in  eight 
days  ;  at  the  end  of  a  fortnight  there  were  large 
areas  of  minute,  nearly  translucent  colonies  closely 


massed  together ;  the  growth  was  then  uniformly 
distributed  by  means  of  the  platinum  loop  and  a  week 
later  had  formed  all  over  the  surface  a  continuous, 
grey,  rather  thin  layer.  The  first  subculture,  made 
from  a  13  days'  old  primary  culture,  grew  well  and 
rapidly.  Three  tubes  of  glycerinated  bovine  serum 
were  inoculated  with  an  emulsion  of  the  spleen,  but 
not  a  trace  of  growth  was  visible  after  two  months' 
incubation.  On  broth  the  growth  was  very  thin  and 
showed  a  tendency  to  become  moist  and  sink.  On 
glycerin-agar  a  thin  grey  layer  was  formed,  and  on 
potato  there  was  a  scanty  white  growth. 


Classification. 
Amongst  the  poorer  growths  of  Grade  II. 


VIRUS-P  VII. 


Material  Received. — Second  generation,  18  days  old, 
of  culture  isolated  from  original  material. 

Cultural  Characters.  —  The  first  and  second  sub- 
cultures on  serum  grew  poorly,  but  later  cultures 
were  satisfactory.  On  broth  the  growth  was  slow, 
and  the  surface  never  became  completely  covered  : 
the  pellicle  was  slightly  opaque,  and  thin  on  the 
whole,  but  with  some  denser  points.   On  glycerin-agar 


a  very  slow  increase  was  maintained  during  the  first 
six  weeks  and  then  ceased  ;  the  ultimate  yield  was  a 
thin,  opaque,  grey,  somewhat  frosted  layer,  amongst 
which  were  scattered  minute  grey  elevations.  No 
perceptible  growth  was  obtained  on  potato. 

The  bacilli  growa  on  glycerin-agar,  in  a  44  days' 
film,  exhibited  great  irregularities  of  staining  and 
measured  from  1  to  5 


Classification. 
Arnongst  the  average  growths  of  Grade  II. 


VIRUS-P  VIII. 


Material  Received. — Primary  culture,  27  days  old, 
isolated  from  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  pure  serum  without  difficulty.  The  broth  cultures 
were  covered  at  the  end  of  a  month,  and  though  thin 
on  the  whole  exhibited  some  denser  patches.  Oa 
glycerin-agar  a  slow  increase  was  maintained  during 


the  first  six  weeks,  the  ultimate  yield  being  a  mode- 
rately dense,  frosted  glass  type  of  growth  with  some 
denser  patches.  On  potato  the  growth. was  pale  and 
scanty. 

The  bacilli  grown  on  glycerin-agar,  in  a  15  days' 
film,  were  short  (1  to  2'5  generally  straight,  and  for 
the  most  part  uniformly  stained. 


Classification. 

Amongst  the  poorer  growths  of  Grade  III. 


VIRUS-P  IX. 


Material  Received. — Primary  culture,  54  days  old, 
isolated  from  original  material. 

Cultural  Characters. — After  the  first  subculture, 
which  was  very  poor,  satisfactory  growths  were 
obtained  on  serum.  On  broth  the  surface  was 
covered  in  about  5  weeks  with  a  pellicle  which  was  in 
part  extremely  thin  and  transparent  and  in  part 
thick,  moist,  and  with  a  marked  tendency  to  sink.  On 
glycerin-agar  the  increase  was  very  slow  but  con- 
tinued for  7  weeks,  the  ultimate  yield  being  a  thin. 


frosted  glass  type  of  growth  with  denser  pin  points. 
On  potato  a  scanty,  non  -  pigmented  growth?  was 
obtained. 

On  broth,  in  a  35  days'  film,  the  bacilli  varied  in 
length  from  '5  to  4-5  jit  ;  coccal  forms  were  frequent ; 
and  amongst  the  longer  forms  globular  sweUings, 
cylindrical  thickenings  and  irregular  staining  were 
very  frequent.  On  glycerin-agar  the  bacilli  i'were 
rather  long  (1  to  5  jit)  and  on  potato,  in  a  36  days' 
film,  the  majority  were  unusually  long  (4  to  8  fi). 


Classification. 
Amongst  the  better  growths  of  Grade  II. 


VIRUS-P  X. 


Material  Received. — Third  generation,  20  days  old, 
of  culture  isolated  from  original  material  (mesenteric 
gland). 

Cultural  Characters. — On  pure  serum  good  growths 
were  obtained.  On  broth  a  thin,  opaque  pellicle  was 
formed  which  became  moist  and  sank  before  the 
surface  was  completely  covered.    On  glycerin-agar  a 


thin,  greyish,  somewhat  flaky,  moist  layer  was  very 
slowly  formed.  On  potato  the  growth  was  slow 
scanty,  and  non-pigmented. 

The  bacilli  grown  on  media  other  than  serum  were 
from  1  to  3-5 /i  in  length  and  were  on  the  whole 
uniformly  stained. 


Classification. 


Amongst  the  average  growths  of  Grade  II. 
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VIRUS-P  XI. 


Material  Received. — Primary  culture  on  egg,  22 
days  old,  isolated  from  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  pure  serum.  On  broth  large  moist  patches  were 
formed  rapidly  but  sank  before  they  had  succeeded 
in  covering  the  surface.  On  glycerin-agar  a  thin, 
moist,  grey,  irregular   layer,  showing  some  denser 


points  and  patches,  was  slowly  formed.  On  potato 
the  surface  was  not  uniformly  covered  but  several 
fairly  large,  slightly  yellow  colonies  were  formed. 

The  bacilli  grown  on  potato,  in  a  53  days'  film, 
varied  in  length  from  1  to  6  all  intermediate 
lengths  being  found.  Except  the  shortest  forms,  the 
bacilli  were  curved  and  beaded. 


Classification. 
Amongst  the  better  growths  of  Grade  II. 


VIRUS-P  XII. 


Material  Received. — Third  generation,  14  days  old, 
of  culture  isolated  from  G.P.  1636,  which  had  been 
inoculated  with  the  original  material. 

Cultural  Characters. — Th'3  growth  oq  pure  serum 
was  s-atisfactory  but  not  particularly  abundant.  On 
broth  a  grey,  rather  thick,  moist  pellicle  was  formed 
but  sank  before  the  surface  was  more  than  half 


covered.  On  glycerin-agar  a  thin  grey  layer,  rather 
moist  and  with  some  denser  patches,  was  slowly 
formed.  On  potato  the  growth  was  very  scanty  and 
non-pigmented. 

The  bacilli  grown  on  potato,  in  a  60  days'  film, 
were  very  irregular  both  in  length  ('5  to  5/i)  and  in 
staining  properties. 


Classification. 
Amongst  the  average  growths  of  Grade  II. 


VIRUS-P  XIII. 


Material  Received. — Primary  culture,  41  days  old, 
isolated  from  original  material. 

Cidtural  Characters. — Good  growths  were  obtained 
from  the  commencement  on  pure  serum.  On  broth 
the  growth  was  slow  and  consisted  of  rather  dense 
grey  islands  which  became  moist  and  sank  before  the 
whole  of  the  surface  was  covered.    On  glycerin-agar 


growth  was  slow  and  scanty,  yielding  a  very  thin,  grey, 
uniform,  moist  layer.  On  potato  there  was  a  scanty, 
non-pigmented  growth. 

The  bacilli  grown  on  potato,  in  a  36  days'  film, 
varied  in  length  from  3  to  6  /i  and  were  nearly  all 
curved  and  either  regularly  beaded  or  irregularly 
stained. 


Classification. 
Amongst  the  poorer  growths  of  Grade  II. 


VIRUS-P  XIV. 


Material  Received. — A  sternal  gland  of  G.P.  1624 
which  had  been  inoculated  with  the  original  material. 

Cultural  Characters. — Cultures  were  raised  on  egg 
and  on  pure  serum  (dog),  numerous  miuute  colonies 
becoming  visible  at  the  end  of  three  weeks.  No  growth 
was  obtained  on  glycerinated  serum  inoculated  with 
the  same  material.  Subcultures  grew  satisfactorily  on 
pure  serum.  On  broth  a  thin,  slightly  opaque  layer 
had  covered  the  surface  in  three  weeks,  and  then  com- 
menced growing  up  the  glass  ;  a  fortnight  afterwards 
the  pellicle  became  moist  and  sank.    On  glycerin-agar 


the  surface  rapidly  became  covered  with  a  thin,  greyish 
growth,  forming  a  homogeneous,  slightly  opaque  film  ; 
with  the  exception  of  a  few  dense  white  points  which 
subsequently  appeared,  very  little  further  increase 
took  place.  On  potato  a  scanty,  white  growth  appeared 
during  the  second  week  ;  slight  increase  took  place 
during  the  second  month,  and  the  growth  assumed  a 
crumb-like  appearance. 

The  bacilli  grown  on  media  other  than  serum 
were  very  irregular  both  in  length  and  staining 
properties. 


Classification. 
Amongst  the  better  growths  in  Grade  II. 


VIRUS-P  XV. 


Material  Received. — Fifth  generation,  14  days  old, 
of  culture  isolated  from  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  pure  serum.  On  broth  the  surface  was  covered 
with  a  semi-transparent  pellicle  in  three  weeks  ; 
denser  points  and  small  patches  developed  subse- 
quently, but  at  the  end  of  five  weeks  the  growth 


began  to  sink.  On  glycerin-agar  a  thin,  grey  layer 
developed  rapidly,  but  although  many  email,  raised, 
white  colonies  appeared  subsequently  no  general 
thickening  took  place.  On  poiiato  there  was  a  scanty, 
non-pigmented  growth. 

The  bacilli  grown  on  potato,  in  a  49  days'  film, 
were  longer  (1  to  5  //)  than  on  other  media,  and  the 
majority  of  them  were  stained  uniformly. 


Classification. 


676 


Amongst  the  average  growths  in  Grade  II. 
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VIRUS-P  XVI. 


Material  Received. — Second  generation,  9  days  old, 
of  culture  isolated  from  original  material  (bronchial 
gland). 

Cultural  Characters. — Good  growths  were  obtained 
on  pure  serum.  On  broth  the  growth  was  slow  and 
semi-translucent  ;  the  surface  became  covered  during 
the  seventh  week.  On  glycerin-agar  the  surface 
readily  became  covered  with  a  very  thin,  grey  layer, 


but  only  slight  increase  in  density  took  place  subse- 
quently. On  potato  the  surface  gradually  became 
covered  with  a  uniform,  rather  scanty,  grey 
layer. 

On  potato  the  bacilli  became  long  (1  to  4  jx)  and 
irregularly  stained,  but  on  other  media  they  only 
deviated  slightly  from  the  serum  type. 


Classification. 
Amongst  the  poorer  growths  in  Grade  II. 


VIRUS-P  XVII. 


Material  Received. — Second  generation,  21  days  old, 
of  culture  isolated  from  original  material  (a  mesen- 
teric gland). 

Cidtural  Characters. — Good  growths  were  obtained 
on  pure  serum.  On  broth  some  difficulty  was  found 
in  starting  the  growth  ;   in  six  weeks  the  surface 


became  covered  with  a  thin,  irregular  pellicle,  showing 
some  small,  rather  dense,  moist  patches.  On  glyceria- 
agar  a  grey  haze  only  was  obtained.  Potato  cultures 
showed  no  growth  visible  to  the  naked  eye,  but  on 
microscopic  examination  some  evidence  of  increase 
was  found. 


Classification. 
Amongst  the  poorer  growths  in  Grade  I. 


VIRUS-P  XVIII. 


Material  Received. — Second  generation,  9  days  old, 
of  culture  isolated  from  original  material  (lung). 

Cultural  Characters.— Good  growths  were  obtained 
on  pure  serum.  On  broth  growth  was  slow  ;  in  six 
weeks  the  surface  was  covered  with  an  almost  trans- 


parent film  which  refused  to  thicken.  On  glycerin- 
agar  a  thin,  greyish  layer  with  a  few  denser  points  was 
formed.  On  potato  a  scanty,  white  layer  was  obtained. 

Only  a  slight  deviation  from  the  serum  type  was 
found  in  bacilli  grown  on  other  madia. 


Classification. 
Amongst  the  rather  better  growths  in  Grade  I. 


VIRUS-P  XIX. 


Material  Received. — Seventh  generation,  34  days  old, 
of  culture  isolated  from  original  material. 

Cultural  Characters. — On  pure  serum  the  growth  of 
this  bacillus  was  poor,  both  in  the  earliest  and  in 
subsequent  generations.    On  broth  several  attempts 


were  made,  but  no  more  than  a  few  minute  floating 
islands  were  obtained.  On  glycerin-agar  no  more 
than  a  faint  greyish  haze  was  formed.  On  potato 
there  was  no  growth  visible  to  the  naked  eye,  but  on 
microscopic  examination  distinct  evidence  of  growth 
was  obtained. 


Classification. 
One  of  the  poorest  growths  in  Grade  I. 


VIRUS-P  XX. 


Material  Received.— Pv\ma.vy  culture,  on  egg,  41  days 
old,  isolated  from  original  material. 

Cultural  Characters. — The  growths  on  pure  serum 
were  poor,  even  after  several  subcultures.    On  broth 


a  few  small  islands  were  obtained,  but  no  continuous 
growth.  On  glycerin-agar  there  was  no  more  than  a 
fine  grey  haze.  On  potato  there  was  no  definite 
appearance  of  growth  to  the  naked  eye,  but  there, 
were  definite  signs  of  growth  microscopically. 


Classification. 


One  of  the  poorest  growths  in  Grade  I. 
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VIRUS -P  XXI. 


Material  Received. — Seventeenth  generation,  10  days 
old,  of  culture  isolated  from  original  material. 

Cultural  Characters. — Growth  was  very  poor  on 
pure  serum,  but  on  glycerinated  serum,  after  one  or 
two  subcultures,  good  growths  were  readily  obtained. 


and  were  of  a  typical  white,  slimy  appearance.  On 
broth  the  bacilli  refused  to  float.  On  glycerin-agar 
a  white,  slimy  growth  developed,  and  attained  its 
maximum  in  about  a  fortnight.  On  potato  a  typical, 
fairly  abundant,  yellow,  moist  growth  was  slowly 
formed. 


Classcifiation. 
Characteristic  of  the  avian  bacillus. 


VIRUS-P  XXII. 


Material  Eeceived. — Fourth  generation,  17  days  old, 
of  culture  isolated  from  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  pure  serum.    Ok  broth  growth  was  very  slow  and 


consisted  of  discrete,  scattered  islands  ;  at  the  end  of 
two  months  the  surface  was  about  two-thirds  covered. 
On  glycorin-agar  a  very  scanty,  greyish  layer  was 
obtained.  On  potato  a  few  white  colonies  were 
produced. 


Classification. 

Rather  better  than  the  worst  growths,  but  distinctly  inferior  to  the  best  growths  in  Grade  I. 


VIRUS-P  XXIII. 


Material  Received. — Third  generation,  17  days  old, 
of  culture  isolated  from  original  material  (bronchial 
gland). 

Cultural  Characters. — Good  growths  were  obtained 
on  pure  serum.  On  broth  growth  was  very  poor,  no 
more  than  small,  discrete  islands  being  obtained.  On 


glycerin-agar  there  was  a  very  scanty,  greyish  layer. 
On  potato  a  scanty  non-pigmented  growth  was  visible. 

The  bacilli  grown  on  potato,  in  a  60  days'  film, 
showed  a  marked  divergence  from  the  serum  type, 
being  longer  (-75  to  4'5  fi)  and  generally  beaded  or 
irregularly  stained. 


Classification. 
Amongst  the  poorer  growths  in  Grade  I. 


VIRUS-P  XXIV. 


Material  Received. — Second  generation,  10  days  old, 
of  culture  isolated  from  G.P.  1790,  which  had  been 
inoculated  with  original  material. 

Cultural  Characters. — Fairly  good  growths  were 
obtained  on  pure  serum.  On  broth  the  surface  was 
covered  in  about  three  weeks  with  a  grey,  rather 


thin  pellicle  which  shortly  afterwards  become  moist 
and  sank.  On  glycerin-agar  a  scanty,  greyish  layer, 
with  some  denser  streaks,  was  slowly  formed.  On 
potato  there  was  a  scanty  layer  with  some  greyish 
yellow  colonies. 

The  bacilli  grown  on  potato  were  distinctly  longer 
than  the  serum  type. 


Classification. 
Amongst  the  poorer  growths  of  Grade  II. 


VIRUS-P  XXV. 


Material  Received.  —  Primary  culture,  on  egg, 
34  days  old,  isolated  from  original  material. 

Cultural  Cliaracters.  —  Growths  on  pure  serum, 
even  after  subculture  for  some  generations,  were 
poor.    On  broth  several  attempts  were  made,  but  all 


failed  to  produce  more  than  a  few  minute  islands. 
On  glycerin-agar  uo  more  than  a  faint  grey  haze  was 
obtained.  On  potato  very  little  sign  of  growth  was 
perceptible  to  the  naked  eye,  but  oa  microscopic 
examination  it  was  clear  that  the  bacilli  had  multiplied 
and  become  longer  than  serum  bacilli. 


Classification. 


27676 


One  of  the  poorest  growths  in  Grade  I. 
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VIRUS-P  XXVI. 


Material  Received.  —  Primary  culture,  on  egg, 
30  days  old,  isolated  from  original  material. 

Cultural  Characters.  —  Growths  on  pure  serum 
were  poor,  even  afler  subculture  for  several  genera- 
tions.   On  broth  the  surface  was  half  covered  in 


three  weeks  with  a  thin  semi-opaque  pellicle  which 
shortly  afterwards  became  moist  and  sank.  On 
glycerin-agar  no  more  than  a  grey  haze  was  obtained. 
On  potato  there  was  a  slight  amount  of  growth,  and 
the  bacilli  were  rather  longer  than  those  grown  on 
serum.  o 


Classification. 
Amongst  the  poorer  growths  of  Grade  I. 


VIRUS-P  XXVII. 


Material  Received.  —  Primary  culture,  on  egg, 
34  days  old,  isolated  from  original  material. 

Cultural  Characters. — On  pure  serum  the  growth 
was  very  poor.  On  glycerinated  serum  a  raised, 
slimy  growth  appeared  in  the  first  week ;  the 
culture  was  kept  up  on  this  medium.  On  broth, 
with  the  exception  of  a  few  small,  moist  islands 
which  appeared  during  the  second  month,  no  surface 
growth  was  obtained.  On  glycerin-agar  the  growth 
was  abundant,  white,  and  slimy,  and  obtained  its 
maximum  in  about  a  fortnight.  On  potato  a  fairly 
abundant  layer  was  obtained  ;  increase  was  slow,  and 


the  colour  changed  from  grey  to  yellow  during  the 
second  month. 

On  glycerin-agar,  in  a  42  days'  film,  the  majority  of 
the  bacilli  were  very  little  longer  than  serum  grown 
bacilli  but  stained  more  irregularly  ;  there  were  also 
present  a  considerable  number  of  much  longer  (4  to 
6  fi)  and  thicker  forms  ;  some  of  these  last  exhibited 
irregular,  oval,  or  club-shaped  thickenings  in  some 
parts  of  their  length.  On  potato,  in  a  56  days'  film, 
the  bacilli  varied  in  length  from  1  to  5  or  6  ju,  and 
were  generally  curved  and  beaded ;  exceptionally 
thick  forms  were  not  noted. 


Classification. 
Characteristic  of  the  avian  tubercle  bacillus. 


VIRUS-P  XXIX. 


Material  Received. — Second  generation,  10  days  old, 
of  culture  isolated  from  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  growth  was  scanty,  and  was 
obtained  with  difficulty  ;  it  consisted  of  small, 
discrete,  semi-translucent  islands.    On  glycerin-agar 


very  little  more  than  a  grey  haze  was  obtained.  On 
potato  a  very  scanty,  white  layer  was  formed. 

The  bacilli  grown  on  potato  varied  in  length  from 
1  to  4  and  were  almost  all  straight  and  uniformly 
stained. 


Classification. 

Amongst  the  poorer  but  not  amongst  the  worst  growths  in  Grade  I. 


VIRUS-P  XXX. 


Material  Received. — Second  generation,  10  days  old, 
isolated  from  original  material. 

Cultural  Characters. — On  serum  growth  was  rather 
poor  at  first  but  improved  after  subculture.  On 
broth  growth  was  slow  ;  scattered  islands  were  formed 
which  gradually  thickened  but  failed  to  spread  as  a 


continuous  pellicle  ;  the  total  yield  was  scanty.  On 
glycerin-agar  a  little  more  than  a  grey  haze  was 
formed.    On  potato  growth  was  very  scanty. 

The  bacilli  grown  on  media  other  than  serum 
closely  resembled  the  serum  type. 


Classification. 
One  of  the  better  growths  in  Grade  I, 


VIRUS-P  XXXI. 


Material  Received. — Second  generation,  10  days  old, 
isolated  from  original  material. 

Cultural  Characters. — Growth  on  serum  was  rather 
poor  at  first,  but  became  good  after  subculture.  On 
broth  the  surface  was  covered  in  rather  less  than  a 
month  with  a  thin,  semi-transparent  pellicle,  which 
subsequently  became  moist  and  sank.  On  glycerin- 
agar  growth  was  scanty  ;  at  the  end  of  two  months 


there  were  a  few  grey  streaks  and  patches  and  one 
large,  raised,  brownish-grey  colony,  but  over  the  res! 
of  the  surface  there  was  nothing  more  than  a  grey 
haze.  On  potato  a  scanty,  white  growth  was  slowly 
produced. 

Except  that  those  grown  on  broth  stained  very 
irregularly,  the  bacilli  grown  on  the  various  media 
exhibited  only  a  slight  deviation  from  the  serum  type. 


Classification. 


Amongst  the  best  growths  of  Grade  I 
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vmus-p  XXXII. 


Material  Received. — Secoud  generation,  14  days  old, 
of  culture  isolated  from  original  material. 

Cultural  Characters. — Growth  on  serum  was  satis- 
factory. On  broth  the  surface  was  about  two-thirds 
covered  in  a  month  with  an  opaque,  fairly  thick 
pellicle  which   was   evidently  of   the   moist  type ; 


shortly  afterwards  it  sank.  On  glycerin-agar  growth 
commenced  as  a  grey  haze  sprinkled  with  numerous 
denser  points.  These  denser  points  gradually  de- 
veloped into  raised  colonies  resembling  the  casts  of 
earth-worms.  On  potato  a  scanty  grey  layer  was 
slowly  formed. 


Classification. 
Amongst  the  poorest  growths  in  Grade  III. 


VIRUS-P  XXXIII. 


Material  Received. — Primary  culture,  35  days  old, 
isolated  from  the  original  material. 

Cultural  Characters. — Growth  on  serum  was  satis- 
factory. On  broth  the  surfacd  became  covered  in 
about  three  weeks  with  an  opaque  uniform  pellicle  ; 
the  pellicle  then  gradually  thickened,  and  exhibited 
patches  of  denser  growth  ;  it  remained  floating  for 
about  six  weeks,  but  afterwards  showed  a  tendency  to 
sink.    On   glycerin  -  agar   numerous   raised  discrete 


colonies  were  slowly  formed  ;  the  rest  of  the  surface 
was  poorly  covered.  On  potato  the  surface  became 
covered  with  a  layer  which  was  scanty  on  the 
whole,  but  exhibited  many  small,  grey,  granular 
colonies. 

On  potato  the  bacilli  varied  in  length  from  1  to  4  /t, 
and  were  generally  straight  and  uniformly  stained. 
On  other  media  the  bacilli  exhibited  only  a  slight 
deviation  from  the  serum  type. 


Classification. 
About  the  middle  of  Grade  III. 


VIRUS-P  XXXIV. 


Material  Received. — Second  generation,  10  days 
old,  of  culture  isolated  from  original  material. 

Cultural  Characters. — Growth  on  serum  was  satis- 
factory. On  broth  growth  was  very  poor  ;  on  one 
culture  a  small  island  was  formed  which  made  little 
surface  extension,  but  became  very  thick  and  showed 


a  tendency  to  grow  downwards  ;  in  another  flask  a 
few  small  islands  were  formed  in  five  weeks  ;  they 
showed  a  tendency  to  thicken  rather  than  to  spread 
over  the  surface.  On  glycerin-agar  no  more  than  a 
grey  haze  was  formed.  On  potato  there  was  a  slight 
growth  which  could  be  recognised  microscopically,  but 
was  hardly  visible  to  the  naked  eye. 


Classification. 
Amongst  the  poorer  growths  of  Grade  I. 


VIRUS-P  XXXVI. 


Material  Received. — Eighth  generation,  23  days 
old,  of  culture  isolated  from  original  material. 

Cultural  Characters. — Growth  on  serum  was  satis- 
factory. On  broth  a  grey  pellicle  with  some  thicker 
patches  commenced  to  form  rapidly,  and  had  covered 
two-thirds  of  the  surface  in  three  weeks  ;  it  then 


became  moist  and  sank.  On  glycerin-agar  no  more 
than  a  thin,  slightly  opaque  layer  was  formed.  On 
potato  the  growth  was  scanty,  but  exhibited  a  few 
yellow  colonies  at  the  end  of  two  months. 

The  bacilli,  on  various  media,  exhibited  only  a 
slight  divergence  from  the  serum  type. 


Classification. 
Amongst  the  poorer  growths  of  Grade  II. 


VIRUS-P  XXXVII. 


Material  Received. — Seventh  generation,  23  days 
old,  of  culture  isolated  from  original  material. 

Cultural  Characters. — Growth  on  serum  was  satis- 
factory. On  broth  the  surface  was  covered  in  three 
weeks  with  a  grey  pellicle  containing  denser  patches  ; 
by  the  sixth  week  these  denser  patches  had  all  fallen 
to  the  bottom,  but  the  thinner  material  remained 


floating.  On  glycerin-agar  the  surface  became  fairly 
well  covered  with  a  grey  layer  presenting  a  granular, 
frosted  appearance.  On  potato  the  surface  became 
covered  with  a  grey,  slightly  granular  layer. 

The  bacilli,  on  media  other  than  serum,  varied  in 
length  from  1  to  3-5  n  ;  curved  or  irregularly  stained 
forms  were  not  very  numej  ous. 


Classification. 


Amongst  the  better  growths  of  Grade  III. 
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VIRUS-P  XXXVIII. 


Material  Received. — Second  generation,  24  days  old, 
of  culture  isolated  from  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  growth  was  slow  ;  a  mottled, 
moderately  dense  pellicle  covered  two-thirds  of  the 
surface  in  six  weeks ;  it  was  of  the  moist  type  and 
readily  sank.  On  glycerin-agar  a  semi-opaque  layer, 
with  some  denser,  slightly  granular  patches,  was 
formed  during  the  first  fortnight,  but  exhibited  no 
subsequent  increase.  On  potato  a  very  scanty  non- 
pigmented  layer  was  slowly  produced. 


On  horse  serum,  in  a  15  days'  film,  the  bacilli 
stained  irregularly,  and  some  curved  and  beaded 
forms,  3  to  4  ;»  in  length,  were  noted.  On  broth,  in  a 
24  days'  film,  the  bacilli  varied  in  length  from  '75  to 
2  jjL,  and  were  for  the  most  part  straight  and  uniformly 
stained.  On  glycerin-agar,  in  a  42  days'  film,  the 
bacilli  were  slightly  longer  and  less  regularly  stained 
than  on  broth.  On  potato,  in  a  56  days'  film,  the 
majority  of  the  bacilli  were  short,  straight,  and 
uniformly  stained  ;  but  longer  (up  to  5  curved, 
and  beaded  forms  were  also  present. 


Classification. 
About  the  middle  of  Grade  II. 


VIRUS-P  XXXIX. 


Material  Received. — Second  generation,  24  days  old, 
of  culture  isolated  from  original  material. 

Cultural  Characters. — Fairly  good  growths  were 
obtained  on  serum.  On  broth  the  growth  was 
delicate  and  semi-opaque  ;  it  sank  before  the 
surface  was  more  than  half  covered.  On  glycerin- 
agar    a    fairly   dense,    granular   layer  was  slowly 


formed.  On  potato  the  surface  was  covered  with 
a  grey  layer  exhibiting  numerous  small,  raised 
colonies. 

The  bacilli  grown  on  potato,  in  a  56  days'  film, 
varied  in  length  from  1  to  6  /*  and  were  mostly 
curved  and  beaded  ;  those  grown  on  other  media 
only  diverged  slightly  from  the  serum  type. 


Classification. 

Intermediate  between  the  poorer  and  the  better  growths  of  Grade  III. 


VIRUS-P  XL. 


Material  Received. — Second  generation,  24  days  old, 
of  culture  isolated  from  original  material. 

Cultural  Characters. — The  growths  on  serum  were 
rather  poor.  On  broth  the  surface  became  covered 
in  less  than  three  weeks  with  a  thin,  greyish  pellicle 


which  soon  afterwards  became  moist  and  sank.  On 
glycerin-agar  a  scanty,  greyish  layer  with  a  few 
denser  patches  was  formed.  On  potato  the  growth 
was  very  scanty  and  non-pigmented. 

The  bacilli,  on  various  media,  exhibited  only  a 
slight  divergence  from  the  serum  type. 


Classification. 
Amongst  the  average  growths  of  Grade  II. 


VIRUS-P  XLI. 


(1.) 

Strain. — Original  Material. 


Material  Received. — Second  generation,  24  days  old, 
of  culture  isolated  from  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  a  thick  pellicle  was  slowly 
formed  and  covered  the  surface  in  about  five  weeks  ; 
the  pellicle  gradually  increased  in  density  and,  at  the 
end  of  two  months,  showed  no  tendency  to  sink.. 


On  glycerin-agar  a  uniform,  fairly  dense,  very 
granular,  and  slightly  wrinkled  layer  was  formed 
during  the  first  month  ;  no  further  change  took  place. 
On  potato  the  growth  was  moderately  abundant«and 
exhibited  a  brown  pigment. 

On  media  other  than  serum  the  bacilli  varied  in 
length  from  "75  to  3'5  /*  and  were  generally  stained 
uniformly. 


Classification. 
Amongst  the  poorest  growths  of  Grade  IV. 


(2.) 

Strain.— FlQ  166.  (Lung.) 


Material  Received. — Third  generation,  14  days  old, 
of  culture  isolated  from  Pig  166. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  growth  was  slow  during  the  first 
fortnight,  but  at  the  end  of  a  month  the  surface  was 
well  covered  ;  during  the  second  month  the  pellicle 


became  very  thick  and  showed  no  tendency  to  sink 
On  glycerin-agar  the  growth  was  fairly  dense,  finely 
granular  and  somewhat  wrinkled.  On  potato  there 
was  a  moderate  amount  of  growth,  showing  a  bright 
yellow  pigment. 


Classification. 


Equal,  on  the  whole,  to  an  average  growth  of  Grade  IV, 
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(3.) 

Strain— Via  202. 


Material  Received. — Primary  culture,  60  days  old, 
isolated  from  Pig.  202. 

Cultural  Chai-acters. — Good  growths  were  obtained 
on  serum.  On  broth  the  surface  was  covered  with  a 
thick,  uniform  layer  in  a  month.    On  glycerin-agar 


the  growth  was  abundant  and  became  markedly 
wrinkled  but  not  warty.  On  potato  a  thick,  brownish- 
red,  raised  growth  was  obtained. 

The  bacilli  grown  on  media  other  than  serum  were 
notably  long. 


Classification. 
About  the  average  of  Grade  V. 


VIRUS-P  XLII. 


Material  Received. — Third  generation,  17  days  old, 
of  culture  isolated  from  the  original  material. 

Cultural  Characters. — The  growths  on  serum  were 
fairly  good.  On  broth  the  surface  became  covered  in 
a  fortnight  with  a  grey,  semi-opaque  layer  which 
afterwards  thickened  in  patches  and  then  became 
moist  and  sank.    On  glycerin-agar  increase  was  slow 


but  steadily  maintained,  and  the  ultimate  yield  was 
fairly  thick  and  of  the  granular  type.  On  potato 
the  surface  became  gradually  covered  with  a 
moderately  thick,  non-pigmented  layer,  containing 
many  small,  raised  colonies. 

The  bacilli  on  broth  and  glycerin-agar  diverged 
slightly,  and  those  on  potato  markedly,  from  the  serum 
type. 


Classification. 

Amongst  the  better  growths  of  Grade  III.  but  not  equal  to  the  best. 


VIRUS-P  XLIII. 


Material  Received. — Second  generation,  24  days  old, 
of  culture  isolated  from  the  original  material. 

Cultural  Characters. — The  growths  on  serum  were 
fairly  satisfactory,  but  never  particularly  good.  On 
broth  the  first  two  cultures  failed  to  grow  ;  a  third 
culture   slowly  produced   a   thin,   speckled  pellicle 


covering  rather  more  than  half  the  surface.  On 
glycerin-agar  a  grey  haze  with  a  few  slightly  denser 
patches  was  formed.  On  potato  there  was  a  scanty 
layer  covering  most  of  the  surface. 

The  bacilli  grown  on  horse  serum,  in  a  15  days' 
film,  stained  less  regularly  than  usual  ;  many  beaded 
forms  were  noted. 


Classification. 
Amongst  the  poorer  growths  of  Grade  I. 


VIRUS-P  XLIV. 


Material  Received. — Second  generation,  17  days  old, 
of  culture  isolated  from  original  material. 

Cultural  Characters. — On  pure  serum  growth  was 
poor  ;  on  glycerinated  serum  it  was  good  ;  on  both 
media  the  growth  had  a  slimy  appearance.  The 
culture  was  kept  up  on  glycerinated  serum.  On  broth 
no  surface  growth  was  obtained.  On  glycerin-agar 
a  white,  slimy  growth  developed  and  attained  its 
maximum  in  about  a  fortnight.    On  potato  a  fairly 


abundant,  raised,  white  growth  was  formed  ;  no 
development  of  pigment  was  noted. 

On  glycerin-agar,  in  a  42  days'  film,  the  majority  of 
the  bacilli  were  very  little  longer  than  serum  grown 
bacilli,  but  their  staining  was  more  irregular  ;  much 
longer  (4  to  6  /it)  and  thicker  bacilli  were  also  present 
in  considerable  numbers.  On  potato,  in  a  56  days' 
film,  the  bacilli  varied  in  length  from  1  to  3  5 /^t  ;  they 
were  generally  straight  and  often  beaded. 


Classification. 
Characteristic  of  the  avian  tubercle  bacillus. 


VIRUS-P  XLVI. 


Material  Received. — Second  generation,  33  days  old, 
of  culture  isolated  from  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  an  opaque,  rather  thin  pellicle 
covered  most  of  the  surface  in  three  weeks  ;  the 
pellicle  then  gradually  became  denser  ;  it  showed  no 


sign  of  sinking  at  the  end  of  two  months.  On 
glycerin-agar  a  grey  layer  containing  unequally 
distributed  thickened  patches  was  formed  ;  these 
patches  became  granular  but  not  wrinkled.  On 
potato  a  fairly  abundant  yellowish  growth  was 
obtained. 


Classification. 


Amongst  the  best  growths  of  Grade  III. 
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VIRUS-P  XLVII. 


Material  Received. — Second  generation,  14  days  old, 
of  culture  isolated  from  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  the  surface  was  covered  in  less 
than  a  month  with  an  opaque  layer  containing  denser 
patches  ;  some  of  the  pellicle  showed  a  tendency  to 
sink,  but  growth  was  then  renewed,  and  at  the  end  of 
two  months  the  surface  was  covered  with  a  grey  layer 


of  unequal  density  which  showed  no  further  tendency 
to  sink.  On  glycerin-agar  growth  was  unequal ;  some 
rather  dense  colonies  and  patches  were  developed,  but 
the  rest  of  the  surface  was  poorly  covered.  On  potato 
there  was  a  thin  layer  which  spread  over  all  the 
surface  and  exhibited  many  minute  colonies. 

The  bacilli,  on  various  media,  exhibited  only  a 
slight  divergence  from  the  serum  type. 


Classification. 

Intermediate  between  the  poorer  and  the  better  growths  of  Grade  III. 


VIRUS-P  XLIX. 


Material  Received. — Fifth  generation,  13  days  old, 
of  culture  isolated  from  the  original  material. 

Cultural  Characters. — Growth  on  serum  was  satis- 
factory. On  broth  fairly  large  dense  islands  were 
formed  in  one  culture,  but  these  soon  became  moist 
and  sank ;  in  another  culture  a  moderately  thick 
and    granular    pellicle    was    slowly    formed,  and 


showed  no  tendency  to  sink.  On  glycerin-agar  the 
surface  readily  became  covered  with  a  fairly  dense 
granular  growth.  On  potato  there  was  a  moderate 
amount  of  growth,  which  was  raised  and  cream 
coloured. 

The  bacilli,  on  various  media,  only  exhibited  a 
slight  divergence  from  the  serum  type. 


Classification. 
Amongst  the  better  growths  of  Grade  III. 


VIRUS-P  L. 


Material  Received. — Fifth  generation,  13  days  old, 
of  culture  isolated  from  the  original  material. 

Cultural  Characters. — Growth  on  serum  was  satis- 
factory. On  broth  growth  was  obtained  with  some 
difficulty ;  islands  covering  about  a  third  of  the 
surface  were  rapidly  formed  and  were  rather  dense. 


but  they  soon  became  moist  and  sank,  no  further 
surface  growth  being  obtained.  On  glycerin-agar  a 
scanty  greyish  layer,  rather  more  than  a  grey  haze, 
was  obtained.  On  potato  growth  was  scanty,  but 
there  were  a  few  slightly  raised,  greyish  -  yellow 
colonies. 


Classification. 
One  of  the  better  growths  in  Grade  I. 


VIRUS-P  LI. 


Material  Received. — Seventh  generation,  13  days  old, 
of  culture  isolated  from  the  original  material. 

Cultural  Characters.  —  Growths  on  serum  were 
satisfactory.  On  broth  the  surface  was  covered  in 
a  month  with  a  delicate,  transparent  pellicle  mottled 
with  thick,  moist,  circular  patches ;  all  the  pellicle 
had  fallen  to  the  bottom  at  the  end  of  the  sixth  week. 
On  glycerin-agar,  in  one  culture,  a  few  warty  colonies 


were  present  at  the  end  of  two  months,  the  rest  of 
the  surface  being  poorly  covered  ;  in  another  culture 
a  scanty  greyish  layer,  with  some  denser  streaks,  was 
obtained.  On  potato  a  thin  layer  of  growth  was 
formed. 

The  bacilli  grown  on  media  other  than  serum 
exhibited  only  a  slight  deviation  from  the  serum 
type. 


Classification. 
Amongst  the  growths  of  Grade  II,  but  not  equal  to  the  best. 


VIRUS-P  LII. 


Material  Received. — Fifth  generation,  13  days  old, 
of  culture  isolated  from  the  original  material. 

Cultural  Characters. — Growths  on  serum  were  satis- 
factory. On  broth  growth  was  moderately  rapid,  of 
unequal  density,  and  showed  a  tendency  to  become 
moist  and  sink.    On  glycerin-agar  the  growth  was 


irregularly  distributed,  being  thick  and  granular  in 
some  patches  but  poor  elsewhere  ;  in  another  culture 
it  showed  a  tendency  to  form  numerous  isolated  warty 
colonies,  with  very  little  growth  between  them.  On 
potato  there  were  some  raised  yellowish  colonies,  but 
over  most  of  the  surface  the  growth  was  scanty  and 
non-pigmented. 


Classification. 


Amongst  the  intermediate  growths  of  Grade  III. 
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VIRUS— P  LIII. 


Material  Received. — Seventh  generation,  14  days 
old,  of  culture  isolated  from  the  original  material. 

Cultitral  Characters. — Growths  on  serum  were 
fairly  good.  On  broth  no  growth  was  obtained  in 
two  flasks  ;  in  a  third  several  small,  thin  islands  were 
formed  slowly,  and  the  surface  became  nearly  covered 


with  scanty,  delicate  material  in  two  months.  On 
glycerin-agar  there  was  no  more  than  a  grey  haze. 
On  potato  growth  was  very  scanty. 

The  bacilli  grown  on  glycerin-agar  were  unusually 
long  (I  to  5  and  occasionally  longer)  and  were  often 
curved  and  beaded. 


Classification. 
Amongst  the  poorer  growths  of  Grade  I. 


VIRUS-P  LIV. 


Material  Received. — Sixth  generation,  14  days  old, 
of  culture  isolated  from  the  original  material. 

Cultural  Characters. — Fairly  good  growths  were 
obtained  on  serum.  On  broth  a  few  thin,  scattered 
islands  were  obtained  with  difficulty  and  gradually 


spread  over  most  of  the  surface.  On  glycerin-agar 
very  little  more  than  a  grey  haze  was  formed.  On 
potato  growth  was  very  scanty  and  non-pigmented. 

The  bacilli  grown  on  glycerin-agar  resembled  those 
of  P  LIII. 


Classification. 
Amongst  the  poorer  growths  of  Grade  I. 


VIRUS-P  LV. 


Material  Received. — Sixth  generation,  14  days  old, 
of  culture  isolated  from  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  thin  islands,  speckled  with 
white  colonies,  slowly  formed  but  failed  to  completely 


cover  the  surface.  On  glycerin-agar  there  was  a  very 
scanty  layer,  amounting  to  little  more  than  a  grey 
haze.  On  potato  there  was  a  definite  though  scanty 
layer. 

As  with  the  two  preceding  viruses,  the  bacilli  grown 
on  glycerin-agar  were  notably  long. 


Classification. 
Grade  I.  ;  perhaps  slightly  better  than  P  LIII  and  P  LIV. 


VIRUS-P  LVI. 


Material  Received. — Primary  culture,  47  days  old, 
isolated  from  the  original  material  (a  subcutaneous 
nodule). 

Cultural  Characters. — The  growth  on  serum  was 
fairly  good.    On  broth  no  more  than  a  few  scattered 


islands  were  obtained.  On  glycerin-agar  no  more 
than  a  grey  haze  was  formed.  On  potato  the  growth 
was  very  scanty. 

The  bacilli  grown  on  potato,  in  a  56  days'  film, 
varied  in  length  from  1  to  o  and  were  generally 
curved  and  uniformly  stained. 


Classification. 
One  of  the  poorest  growths  in  Grade  I. 


VIRUS-P  LVII. 


Material  Received. — Sixth  generation,  20  days  old,  of 
culture  isolated  from  original  material  (a  bronchial 
gland). 

Cidturul  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  three  cultures  were  tried  but 
yielded  no  more  than  a  few  thin,  scattered  islands  of 


various  sizes  which  covered  about  half  the  surface  at 
the  end  of  two  months.  On  glycerin-agar  there 
was  no  more  than  a  grey  haze,  with  a  few  slightly 
denser  streak.=.  On  potato  there  was  a  very  scanty, 
non-pigmented  growth. 

The  bacilli  on  media  other  than  serum  showed  only 
a  slight  divergence  from  the  serum  type. 


Classification. 

Amongst  the  poorer  growths  of  Grade  I. 
27676  u 
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VIRUS-P  LVIII. 


Material  Received. — Sixth  generation,  20  days  old,  of 
culture  isolated  from  original  material  (a  mammary 
gland). 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  the  surface  became  rather  more 
than  half  covered  towards  the  end  of  the  fourth  week, 
but  the  pellicle  then  became  moist  and  sank.  On 
glycerin-agar  growth  at  the  end  of  the  first  fortnight 


consisted  of  a  thin  grey  layer  ;  this  failed  to  thicken, 
but  during  the  second  month  many  discrete,  granular 
colonies  appeared  ;  between  these  colonies  there  was 
very  little  growth.  On  potato  a  thinnish  layer  was 
slowly  formed,  without  any  definite  pigmentation. 

On  broth  and  glycerin-agar  the  bacilli  were  much 
longer  (1  to  4  j«  or  more)  than  on  serum,  and  on 
glycerin-agar  their  shape  was  very  irregular. 


Classification. 
Amongst  the  best  growths  of  Grade  II. 


VIRUS-P  LIX. 


Material  Received. — Sixth  generation,  20  days  old, 
of  culture  isolated  from  original  material  (synovial 
membrane  from  a  joint). 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  three  cultures  were  tried,  but  no 
more  than  a  few  thin,  scattered  islands  were  obtained  ; 


these  covered  about  half  the  surface  at  the  end  of 
two  months.  On  glycerin-agar  there  was  a  grey  haze 
with  a  few  slightly  denser  streaks.  On  potato  growth 
was  very  scanty  and  non-pigmented. 

On  potato  a  few  of  the  bacilli  were  from  4  to  5  in 
length,  straight  and  beaded ;  but  the  majority 
resembled  serum  grown  bacilli. 


Classification. 
Amongst  the  poorer  growths  of  Grade  I. 


VIRUS-P  LX. 


Material  Received. — Fifth  generation,  20  days  old, 
of  culture  isolated  from  original  material  (a  spleen). 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  three  cultures  were  tried,  but  no 
more  than  a  few  thin,  scattered  islands  were  obtained, 


the  surface  not  being  more  than  half  covered  at  the 
end  of  two  months.  On  glycerin-agar  there  was  little 
more  than  a  grey  haze.  On  potato  growth  was  very 
scanty  and  non-pigmented. 

The  bacilli  grown  on  media  other  than  serum 
showed  only  a  slight  divergence  from  the  serum  type. 


Classification. 
Amongst  ihe  poorer  growths  of  Grade  I. 


VIRUS-P  LXI, 


Material  Received. — Fourth  generation,  20  days  old, 
of  culture  isolated  from  original  material  (a  bronchial 
gland). 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  large,  thin,  grey  patches  were 
formed  during  the  third  week,  but  after  the  fifth  week 
these  became  moist  and  sank.  On  glycerin-agar  a  thin 
grey  layer  was  formed  during  the  first  fortnight ;  slight 


patches  of  thickening  were  afterwards  produced,  but 
the  total  yield  was  poor.  On  potato  there  was  a  rather 
thin  layer  ;  a  little  yellow  pigmentation  was  seen  in  the 
earlier  stages  of  the  growth,  but  the  colour  afterwards 
disappeared. 

On  media  other  than  serum  the  bacilli  showed  a 
marked  divergence  from  the  serum  type.  Length, 
1  to  5  jit  or  longer  ;  beading  and  irregular  staining 
frequent. 


Classification. 
Amongst  the  average  growths  of  Grade  II. 


VIRUS-P  LXII. 


Material  Received. — Fourth  generation,  20  days  old, 
of  culture  isolated  from  original  material  (spleen). 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  the  surface  became  covered  in  a 
month  with  a  thin  grey  layer  which  showed  a  marked 
tendency  to  sink.  On  glycerin-agar  a  thin  grey  layer 
was  slowly  formed,  and  out  of  this  some  denser 


colonies  and  patches  developed  during  the  second 
month.  On  potato  the  surface  became  covered  with  a 
scanty  but  definite  layer,  which  showed  a  slight  yellow 
pigmentation  at  first,  but  this  afterwards  disappeared. 

On  media  other  than  serum  the  bacilli  were  notably 
long  (1-5  to  b  n,  and  occasionally  6  to  8/i)  and  were 
frequently  beaded. 


Classification. 


Amongst  the  best  growths  of  Grade  II. 
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classification  of  swine  strains. 

(1.^  Mammalian. 


Grade. 

Cultural  Vigour 
Relative  to 
Grade. 

Strain. 

Virus. 

Original  Porcine  Material. 

I. 

Below  average 

Original  Material  ... 

P  XVII. 

Mesenteric  gland. 

J' 

Original  Material   

P  XIX. 

Submaxillary  lymphatic  gland. 

)» 

Original  Material   

P  XX. 

Submaxillary  lymphatic  gland. 

„ 

Original  Material   

P  XXIII. 

Bronchial  gland. 

» 

Original  Material   

P  XXV. 

Submaxillary  lymphatic  gland. 

" 

Original  Material   

P  XXVI. 

Submaxillary  lymphatic  gland. 

)» 

Original  Material   

P  XXXIV. 

Submaxillary  lymphatic  gland. 

)» 

Original  Material  

P  XLIII. 

Submaxillary  lymphatic  gland. 

)) 

Original  Material   

P  LIII. 

Submaxillary  lymphatic  gland. 

») 

;) 

Original  Material   

P  LIV. 

Submaxillary  lymphatic  glamd. 

Original  Material  ... 

P  LVI. 

Subcutaneous  nodule. 

" 

Original  Material   

P  LVII. 

Bronchial  gland. 

Original  Material   

P  LIX. 

Synovial  membrane. 

)) 

» 

Original  Material   

P  LX. 

Spleen. 

Average 

Original  Material   

P  I. 

Submaxillary  lymphatic  gland. 

)) 

Original  Material 

P  XXII. 

Submaxillary  lymphatic  gland. 

Original  Material  ... 

P  XXIX. 

Submaxillary  lymphatic  gland. 

i» 

Original  Material  ... 

P  LV. 

Submaxillary  lymphatic  gland. 

Above  average 

Original  Material  ... 

P  XVIII. 

Lung. 

5! 

Original  Material  ... 

P  XXX. 

Submaxillary  lymphatic  gland. 

J) 

Original  Material   

P  XXXI. 

Submaxillary  lymphatic  gland. 

Original  Material   

P  L. 

Submaxillary  lymphatic  gland. 

IL 

Below  average 

Original  Material  ... 

P  V. 

Submaxillary  Ij'mphatic  gland. 

)? 

G.  P.  1515  from  Original  Material 

P  VI. 

Inguinal  gland. 

M 

Original  Material  ... 

P  XIII. 

Submaxillary  lymphatic  gland. 

M 

Original  Material   

P  XVI. 

Bronchial  gland. 

J) 

,  - 

G.  P.  1790  from  Original  Material 

P  XXIV. 

Submaxillary  lymphatic  gland. 

Original  Material   

P  XXXVI. 

Submaxillary  lymphatic  gland. 

Average 

Rabbit  556  (Lung)  from  Calf  312 

P  IV. 

Submaxillary  lymphatic  gland. 

») 

.,       (Sternal  Gland)  „ 

V                                   5»  'J 

)i 

Original  Material  ... 

P  VII. 

Submaxillary  lymphatic  gland. 

" 

Original  Material  ... 

P  X. 

Submaxillary  lymphatic  gland. 

)1 

JJ 

G.  P.  16H(;  from  Original  Material 

P  XII. 

Submaxillary  lymphatic  gland. 

)J 

J) 

Original  Material  ... 

P  XV. 

Submaxillary  lymphatic  gland. 

J> 

Original  Material  ... 

P  XXXVIII. 

Submaxillary  lymphatic  gland. 

H 

1) 

Original  Material  ... 

P  XL. 

Submaxillary  lymphatic  gland. 

)) 

Original  Material  ... 

P  LI. 

Submaxillary  lymphatic  gland. 

') 

Original  Material  ... 

P  LXI. 

Bronchial  gland. 

): 

Above  average 

Original  Material   

P  IX. 

Submaxillary  lymphatic  gland. 

)! 

Original  Material   

P  XL 

Submaxillary  lymphatic  gland. 

j» 

G.  P.  lt;2I  from  Original  Material 

P  XIV. 

Submaxillary  lymphatic  gland. 

J) 

Original  Material  ... 

P  LVIII. 

Mammary  gland. 

)) 

Original  Material 

P  LXII. 

Spleen. 

III. 

Below  average 

Monkey  118  (Spleen)   

P  IL 

Submaxillary  lymphatic  gland. 
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CLASSIFICATION  OF  SWINE  fiTRAINS—contiuued. 


Grade. 

Cultural  Vigovir 
Relative  to 
Grade. 

Strain. 

Virus. 

Original  Porcine  Material, 

III. 

Rolr^Mtr     \T£iyct  era 
JJCiUW  (IVtJloigtJ 

Original  IVIaterial             ...  ... 

r  Vlli. 

Submaxillary  lympliatic  gland. 

:j 

Original  Miaterial    ...       . .  •  ... 

TD  YYYTT 

Submaxillary  lympliatic  gland.. 

}j 

A  V  O    O  O"  £1 

Original  JVXaterial    ...       ...  ... 

X»  YYYTTT 

r  AAAiil. 

Submaxillary  lympliatic  gland. 

?) 

Oi'iginal  Material    ...  ... 

T)  YYYTY 
ir  AAAIA. 

Submaxillary  lympliatic  gland. 

)» 

11  Tl  (Tl  n  Q  1     iVTl't'Q'Vl  o  1 

WligllldjL  iVldiLcildi       ...              ...  ... 

ID  YTirTT 
Jr  ALVll. 

Submaxillary  lymphatic  gland. 

Original  IVIaterial    ...       ...  ... 

13  T  TT 

r  Jjii. 

Submaxillary  lympbatic  gland* 

A.bOV6  JlVGl'cl^G 

ft    P    1^119  fvr>r»T  Pnlf  989 

I>  TTT 

r  ill. 

Submaxillary  lympbatic  gland. 

)) 

XXidiUUiu  OO 1    ilUlU  KjtXLL  Oi*i    ...  ... 

TD  TTT 

r  IV. 

Submaxillary  lymphatic  gland. 

)» 

Original  Material    ,..       ....  ... 

r  AA.AV11. 

Submaxillary  lympbatic  gland. 

)» 

Original  Material.    ...       ...  ... 

TD   VT  TT 

r  ALII. 

Submaxillary  lympliatic  gland. 

• 

Original  Material    ...       ...  ... 

TD   V  r  TTT 

Jr  aUVI. 

Submaxillary  lymphatic  gland. 

Original  Material  

P  XLIX. 

Submaxillary  lymphatic  gland. 

IV. 

Below  average 

Original  Material   

P  XLI. 

Submaxillary  lymphatic  gland. 

Average 

Pig.  166   

))                     i)  )» 

V. 

Below  average 

Original  Material  ... 

P  IV. 

Submaxillary  lymphatic  gland. 

)» 

Calf  312   

)f               )>  »» 

Average 

Pig  202  ...   

P  XLI. 

Submaxillary  lymphatic  gland. 

CLASSIFICATION  OF  SWINE  STRAINS. 
(2)  Avian. 


Strain. 

Virus. 

Original  Porcine  Material. 

Original  Material 

P  II. 

Submaxillary  lympliatic  gland. 

Monkey  118  (Local  Lesion)   

1)  !! 

Original  Material   

P  III. 

Submaxillary  lymphatic  gland. 

Original  Material        ...       ...  ... 

P  XXI. 

Submaxillary  lymphatic  gland. 

Original  Material   

P  XXVII. 

Submaxillary  lymphatic  gland. 

Original  Material   

P  XLIV. 

Submaxillary  lymphatic  gland. 

SUMMARY  OF  RESULTS. 


58  swine  viruses  have  been  investigated.  51  of  these 
were  found  to  be  identical  culturally  with  ordinary- 
bovine  viruses,  and  are  classed  in  one  or  other  of 
Grades  I,  II,  and  III.  These  call  for  no  further 
comment,  but  attention  may  be  directed  to  the 
remaining  7  : — 

P  IV. 

The  strains  from  the  original  material  of  this  virus 
and  from  Calf  312  grew  abundantly  and  were  classed 
in  Grade  "V.  But  the  strain  from  Rabbit  557,  inocu- 
lated with  culture  from  Calf  312,  grew  less  well  and 
was  classed  in  Grade  III  ;  and  the  growths  from 
2  strains  of  Rabbit  556,  also  inoculated  with  culture 


from  Calf  312,  were  still  poorer,  and  were  classed  in 
Grade  II. 

P  XLI. 

The  strains  from  original  material  and  Pig  166  were 
classed  in  Grade  IV,  the  strain  from  Pig  202  ia  Grade  V. 

p  n,  p  III,  p  XXI,  p  XXVII,  p  XLIV. 

The  strains  from  the  original  material  of  these  5 
viruses  presented  the  typical  characters  of  the  avian 
tubercle  bacillus. 

But  the  strain  of  P  II  from  the  spleen  of  Monkey 
118,  and  a  strain  of  P  III  derived  from  Calf  282  were 
mammalian  in  character  and  were  classed  in  Grade  III, 
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IV -THE  CULTURAL  CHARACTERS  OF  EQUINE  VIRUSES. 


CULTURAL  CHARACTERS  OF  INDIVIDUAL  STRAINS. 
VIRUS-E  I. 
(Lesions  from  a  Horse.) 


Material  Received. — Primary  culture,  on  egg,  26  days 
old,  isolated  from  ;i  guinea-pig  which  had  been  inocu- 
lated with  lesions  from  a  horse. 

Cultural  Characters. — For  several  generations  the 
growth  was  extremely  poor  both  on  pure  serum  and 
glycerinated  serum  ;  no  growth  could  be  obtained  on 
either  broth  or  potato,  and  on  glycerin-agar  there  was 
no  more  than  a  faint  grey  haze.  The  culture  was 
again  tested  when  it  had  reached  the  17th  generation 
on  serum.  It  then  grew  much  better  on  serum  and 
on  other  media.    On  broth  the  surface  was  covered  in 


three  weeks  with  a  thin,  semi-opaque  pellicle  whicii 
afterwards  became  slightly  thicker  and  showed  no 
tendency  to  sink.  On  glycerin-agar  the  greater  part; 
of  the  surface  was  covered  in  three  weeks  with  a  grey, 
somewhat  dense  layer  ;  no  further  increase  took  place. 
On  potato  a  scanty,  yellowish  growth  was  slowly 
formed. 

The  bacilli  did  not  exhibit  much  divergence  from 
the  ordinary  serum  type,  but  on  potato,  in  a  56  days' 
film,  beaded  forms  as  long  as  4    were  fairly  frequent. 


Classification. 

In  the  earlier  generations  the  growths  were  poorer  than  those  of  any  previously  recorded  culture  in 
Grade  I ;  but  after  prolonged  subculture  on  serum  the  growths  on  test  media  became  about  equal  to  the  average 
growths  in  Grade  III. 


VIRUS-E  II. 


(Mesenteric  Glands  of  a  Horse.) 


(1.) 

Strain. — G.P.  from  ORIGINAL  Material. 


Material  Received. — Primary  culture,  on  egg,  26 
days  old,  isolated  from  a  guinea-pig  inoculated  with 
the  original  material. 

Cultural  Characters. — In  the  earlier  generations 
growths  were  very  poor  both  on  pure  serum  and 
glycerinated  serum  ;  on  broth  no  growth  could  be 
obtained  ;  on  glycerin-agar  there  was  only  a  slight 
grey  haze  ;  on  potato  growth  was  hardly  visible  to  the 
naked  eye,  but  under  the  microscope  there  was  well 
marked  evidence  of  growth,  and  the  bacilli  were 


longer  (1  to  3  /()  than  those  grown  on  serum.  The 
cultures  were  tested  again  when  they  had  reached  the 
19th  generation  on  serum.  They  then  grew  much 
better  both  on  serum  and  on  other  media.  On  broth  a 
thin,  grey,  opaque  layer  covered  half  the  surface  in  a 
fortnight  ;  it  showed  some  tendency  to  sink,  but  most 
of  the  pellicle  survived  and  became  thicker.  On 
glycerin-agar  a  fairly  dense,  slightly  granular  layer 
was  formed.  On  potato  growth  was  readily  obtained, 
though  not  very  abundant,  and  exhibited  yellow 
colonies. 


Classification. 


In  the  earlier  generations,  amongst  the  poorest  growths  of  Grade  I  ;  after  frequently  repeated  subculture 
on  serum,  amongst  the  better  growths  of  Grade  III  though  not  equal  to  the  best. 


(2.) 

Strain. — Calf  404. 

Material  Received. — Fourteenth  generation,  9  days  on  serum.  On  broth  a  few  small  islands  were 
old,  of  culture  isolated  from  Calf  404.  formed.    On  glycerin-agar  there  was  little  more  than 

a  grey  haze.    On  potato  there  was  a  scanty,  grey 
Cultural  Characters. — Good  growths  were  obtained  growth. 

Classification. 
Amongst  the  average  growths  of  Grade  I. 


(3.) 


Strain. — Calf  504.  {Prescapular  Gland.) 

Material  Received. — Fifth   generation,  9  days  old,  Cultural  Characters. — Good  growths  were  obtained 

of   culture  isolated  from  the  prescapular  gland  of  on  serum.  On  broth,  glyceriu-agar,  and  potato,  cultures 

Calf  504.  were  identical  with  those  of  the  preceding  strain. 


Classification. 


Amongst  the  average  growths  of  Grade  I. 
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(4.) 

Strain. — Galf  504.  {Lung.) 

Material  Received. — Ninth  generation,   170  days     at  first  poor,  but  afterwards  improved    On  broth, 
old,  of  culture  isolated  from  ihe  lungs  of  Calf  504.        glyceiin-agar,  and   potato,  the   cultural  characters 
Cultural  Characters. — The  growths  on  serum  were     resembled  those  of  Strain  (3). 

Classification. 
Amongst  the  average  growths  of  Grade  I. 


(5.) 


iSfram.— Calf  506. 


Material  Received. — Fifteenth  generation,  9  days 
old,  of  culture  isolated  from  Calf  506. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  growth  commenced  in  the 
fourth   week  and    produced    a    moderately  thick. 


speckled  pellicle  which  covered  about  half  the 
surface  ;  some  deposit  was  then  formed,  and  the 
surface  never  became  completely  covered.  On 
glycerin-agar  the  growth  was  scanty,  amounting  to 
slightly  more  than  a  grey  haze.  On  potato  there  was 
a  scanty,  grey  growth. 


Classification. 
Amongst  the  better  growths  of  Grade  I. 


(6.) 

Sirai?;.— Calf  590. 

Material  Received. — Second  generation,  13  days  on  serum.  On  broth  a  few  small  islands  were 
old,  of  culture  isolated  from  Calf  590.  obtained.    On  glycerin-agar  a  thin,  uniform,  slightly 

opaque  layer  was  formed.    On  potato  growth  was 
Cultural  Characters. — Good  growths  were  obtained     scanty  and  non-pigraented. 

Classification. 
Amongst  the  better  growths  of  Grade  I. 


(7.) 

Strain. — Calf  596. 

Material  Received. — Third  generation,  20  days  old,  on  serum.  On  test  media  the  cultural  characters  were 
of  culture  isolated  from  Calf  596.  found  to  be  identical  with  those  of  the  preceding 

Cultural  Characters.— GooA  growths  were  obtained  strain. 

Classification. 
Identical  with  the  preceding  strain. 


(8.) 

Strain.— YOYTL  398. 

Material  Received.— Vvixn&xy  culture,  81  days  old,  on  serum.  On  glycerin-agar  the  growth  was  poor  and 
isolated  from  Fowl  398.  typically  mammalian  but  was  less  scanty  than  that  of 

Cultural  Characters.— Good  growths  were  obtained  preceding  strain. 

Classification. 


About  the  average  of  Grade  II. 
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VIRUS— E  III. 
(Mesenteric  Glands  of  a  Horse.) 


Material  Received. — Primary  culture,  on  egg,  26 
days  old,  isolated  from  a  guinea-pig  which  had  been 
inoculated  with  the  original  material. 

Cultural  Characters. — In  the  earlier  generations 
growth  was  very  poor  on  seram  :  none  was  obtained 
on  broth  and  nothing  definite  could  be  seen  on 
glycerin-agar  ;  on  potato,  though  growth  was  hardly 
visible  to  the  naked  eye,  there  was  well  marked  evi- 
dence of  growth  under  the  microscope.  The  culture 
was  tested  again  when  it  had  reached  the  17th  genera- 
tion on  serum.    It  then  grew  much  better  on  serum 


and  on  other  media.  On  broth  the  surface  was 
covered  in  four  weeks  with  a  thin  layer  which 
gradually  developed  thicker  patches  and  showed  no 
tendency  to  sink.  On  glycerin-agar  a  moderately 
dense  layer  was  produced  with  some  raised,  granular 
points.  On  potato  growth  was  readily  obtained  but 
did  not  become  abundant ;  it  exhibited  a  yellow 
pigment. 

The  bacilli  on  media  other  than  serum  exhibited 
only  a  slight  deviation  from  the  serum  type. 


Classification. 

In  the  earlier  generations,  amongst  the  poorest  growths  of  Grade  I  ;  after  frequently  repeated  subculture 
on  serum,  amongst  the  better  growths  of  Grade  III,  though  not  equal  to  the  best. 


VIRUS-E  IV. 
(Spleen  of  a  Horse.) 
(1.) 

Strain. — G.P.  from  Original  Material. 


Material  Received. — Fourth  generation,  35  days  old, 
of  culture  isolated  from  a  guinea-pig  which  had  been 
inoculated  with  the  original  material. 

Cultural  Characters. — Growth  on  serum  was  fairly 
good.  On  broth  the  surface  became  about  two-thirds 
covered  in  three  weeks  ;  the  pellicle  was  grey  and  of 
unequal  density  ;  it  thickened  slightly  and  showed  no 
tendency  to  sink.    On  glycerin-agar  a  dull  grey,  fairly 


thick  layer  was  slowly  formed.  On  potato  there  was 
a  scanty,  non-pigmented  growth. 

The  bacilli  grown  on  broth  and  glycerin-agar  were 
only  slightly  longer  than  serum  bacilli,  but  amongst 
them  there  were  forms  which  were  considerably 
thicker  than  the  normal.  Oa  potato  the  bacilli  were 
longer  (-75  to  4  /t)  and  generally  straight  and 
uniformly  stained. 


Classification. 
Amongst  the  better  growths  in  Grade  III. 


(2.) 

Strain.— G.V.  2420  from  Baboon  72. 


Material  Received.  — Y'liVa  generation,  8  days  old, 
isolated  from  G.P.  2420,  which  had  been  inoculated 
froin  Baboon  72, 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  the  surface  was  covered  with  a 


thin  pellicle  in  five  weeks  ;  the  growth  then  became 
moist  and  sank.  On  glycerin-agar  a  moderately  thick 
grey  layer  with  many  large  colonies  was  formed.  On 
potato  a  moderate  amount  of  grey  growth  was 
obtained. 


Classification. 

Amongst  the  better  growths  of  Grade  III. 


(3.) 

Strain. — Baboon  74. 


Material  Received. — Second  generation,  5  days  old, 
of  culture  isolated  from  Baboon  74. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  the  characters  were  the  same 


as  with  Strain  (2).  On  glycerin-agir  there  was  a 
uniform,  dull  grey  layer,  not  wrinkled,  but  showing 
very  fine  granules.  On  potato  a  grey,  rather  scanty 
growth  was  formed. 


Classification. 


Amongst  the  better  growths  of  Grade  III. 
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(4.) 


S^raw.— Calf  408. 


Material  Received. — Fifteenth  generation,  15  days 
old,  of  culture  isolated  from  Calf  408. 

Classif 
Amongst  the  better  % 


Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  other  media  the  cultural  characters 
were  identical  with  those  of  Strain  (3). 

ICATION. 

'rowths  of  Grade  III. 


(5.) 

Strain. — Calf  498.    {Bronchial  Gla-nd.) 


Material  Received. — Fifth  generation,  57  days  old, 
of  culture  isolated  from  a  bronchial  gland  of  Calf  498. 

Cidtural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  the  surface  was  covered  with  a 


thin  pellicle  in  five  weeks,  and  then  the  growth  began 
to  become  moist  and  sink.  On  glycerin-agar  a  grey 
layer  of  unequal  density  was  formed.  On  potato  the 
growth  was  grey  and  not  very  copious. 


Classification. 
Amongst  the  average  growths  of  Grade  III. 


(6.) 


Strain. — Calf  498.  {Lungs.') 


Material  Received. — Fourth  generation,  14  days  old, 
of  culture  isolated  from  the  lungs  of  Calf  498. 

Cultural  Characters. — Good  growths  were  obtained  on 
serum.    On  broth  the  first  cultures  were  very  poor  and 


readily  sank  ;  later  cultures  covered  the  surface  with  a 
thin  grey  layer  which  showed  less  tendency  to  sink. 
On  glycerin-agar  a  moderately  thick,  uniform  layer 
was  slowly  formed,  but  showed  no  tendency  to  become 
wrinkled.    On  potato  there  was  a  thin  grey  layer. 


Classification. 

Equal  to  the  average  growths  in  Grade  III  but  not  equal  to  the  best. 


(7.) 

Strain.— GLhv  502. 


Material  Received. — Sixth  generation,  18  days  old, 
of  culture  isolated  from  Calf  502. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  the  surface  was  nearly  covered 


in  five  weeks,  and  then  the  growth  became  moist  and 
sank.  On  glycerin-agar  a  moderately  good  grey  layer 
with  several  raised  colonies  was  formed.  On  potato 
there  was  a  moderately  thick,  grey  layer. 


Classification. 
Amongst  the  average  growths  of  Grade  III. 


(8.) 

Strain. — Calf  616. 

Material  Received. — Third  generation,  20  days  old,  on  serum.  On  glycerin-agar  there  was  an  unequal 
of  culture  isolated  from  Calf  616.  growth,  thin  on  the  whole,  and  failing  to  increase 

Cultitral  Characters.— Good  growths  were  obtained  ^^^^  fortnight. 

Classification. 
Amongst  the  best  growths  of  Grade  II.  • 
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(9.) 

Straws.— Fowls  438  and  440. 


Malerial  Received .—Vvim^vy  cultures,  78  and  60     on  serum.    On  glycerin-agar  the  growths  were  typi- 
days  old,  isolated  respectively  from  Fowls  438  and  440.     cally  mammalian  and  were  identical  with  those  of  the 
Cultural  Characters.— Good  growths  were  obtained     preceding  strain. 


Classification. 

Identical  with  the  preceding  strain. 


(10.) 


Strain. — MoNKEY  178. 


Material  Received. — Primary  culture,  38  days  old, 
isolated  from  Monkey  178. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  growth  was  slow,  but  most  of 


the  surface  was  covered  at  the  end  of  two  months 
with  a  thin  layer.  On  glycerin-agar  a  grey  layer  of 
moderate  but  unequal  thickness  was  formed ;  the 
surface  was  not  well  covered.  On  potato,  a  thin, 
cream-coloured  layer  was  formed. 


Classification. 
Amongst  the  poorer  growths  of  Grade  III. 


VIRUS -E  V. 

(1.) 

(Spleen  of  Horse.) 


Blatericd  Received. — Primary  culture,  30  days  old, 
isolated  from  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.     On  broth  the  three  first  cultures  failed  ; 


the  fourth  rapidly  covered  the  surface  with  a  thin 
layer  which  soon  became  moist  and  sank.  On  glycerin- 
agar,  a  thin,  semi-opaque,  uniform  layer  was  formed. 
On  potato  there  was  a  scanty,  non-pigmented  growth. 


Classification. 
Amongst  the  better  growths  of  Grade  II. 


(2.) 

(Lung-  of  Horse.) 


Material  Received. — Primary  culture,  30  days  old, 
isolated  from  the  original  material. 

Cultural  Characters. — Good  growths  were  obtained 


on  serum.  The  cultures  failed  at  first  on  broth,  but 
afterwards  grew  like  those  of  the  preceding  strain. 
On  glycerin-agar  and  potato  the  cultures  were  identical 
with  those  of  the  preceding  strain. 


Classification. 
Identical  with  the  preceding  strain. 
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Cultural  Vigour 
Relative  to 
Grade. 


Strain. 


Virus. 


Orifj-inal  Equine  Material. 


Below  average 


Average' 


Above  average 


Average 
Above  average 


Below  average 
Average 


Above  average 


G.P.  from  Original  Material  (early  generations) 
G.P.  from  Original  Material  (early  generations) 
G.P.  from  Original  Material  (early  generations) 

Calf  m   

Calf  504  (Prescapular  Gland)   

(Lung) 

Calf  .-.oe 

Calf  590 
Calf  596 
Fowl  398 
Calf  616 
Fowl  438 
Fowl  440 
Original  Matfirial 
Original  Material 
Monkey  178  ... 
G.P.  from  Original 
Calf  498 

(Lung) 

Calf  .502 

G.P.  from  Original  Material  (later  generations) 
G.P.  from  Original  Material  (later  generations) 
G.P.  from  Original  Material 

G.P.  2420  from  Baboon  72  

Baboon  74 

Calf  408   


Material  (later  generations) 


E  I. 
E  II. 
E  III. 
E  II. 


E  IV. 


E  V. 

E  IV. 
E  I. 

E  IV. 


E  II. 
E  III. 
E  IV. 


Lesions  from  a  korse. 
Mesenteric  gland. 
Mesenteric  gland. 
Mesenteric  gland. 


Spleen. 


Spleen. 

Lung. 

Spleen. 

Lesions  from  a  horse. 
Spleen. 


Mesenteric  gland. 
Mesenteric  gland. 
Spleen. 


Summary  of  Results. 


These  five  equine  viruses  resembled  in  cultural 
growth  the  ordinary  bacillus  isolated  from  the  bovine. 
The  first  three  grew  very  badly  in  early  generations, 
presenting  more  difiiculty  in  this  respect  than  even 
very  poorly  growing  bovine  viruses  ;  but  after  pro- 


longed subculture  they  showed  marked  improvement, 
though  not  surpassing  the  maximum  luxuriance  of 
Grade  III.  Strains  passed  through  other  species  of 
animals,  including  the  fowl,  showed  no  important 
changes  in  cultural  characters. 
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V.-THE  CULTURAL  CHAHACTERS  OF  VIRUSES  ISOLATED  FROM 
OTHER  SPONTANEOUSLY  AFFECTED  MAMMALS. 

CULTURAL  CHARACTERS  OF  INDIVIDUAL  STRAINS. 

A. 

VIRUS-F  1. 
(Mesenteric  Gland  of  Cat.) 


Material  Received. —  Sixth  generation,  20  days  old,  of 
culture  isolated  from  original  material  (the  mesenteric 
gland  of  a  cat). 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  a  thin  grey  psliicle  was  formed  ; 
it  covered  the  greater  part  of  the  surface  in  a  month 
and  then  showed  a  tendency  to  sink  ;  in  another  flask 


a  thin  pellicle  covered  the  surface  and  remained  float- 
ing at  i;he  end  of  two  months.  On  glycerin-agar 
growth  commenced  very  slowly  during  the  first 
fortnight  but  continued  for  some  weeks  afterwards, 
and  at  the  end  of  the  second  month  there  was  a 
moderately  thick  layer  with  some  raised  colonies  but 
no  wrinkles.  On  potato  a  thin,  cream-coloured  layer 
was  formed. 


Classification. 

Rather  better  than  the  average  growths  of  Grade  III  but  not  equal  to  the  best. 


VIRUS-Z  1. 
(Lung  of  Gnu.) 


Material  Received. — Primary  culture,  2S  days  old, 
isolated  from  the  lung  of  a  gnu. 

Cultural  Characters. — Good  growths  were  readily 
obtained  on  pure  serum.  On  broth  a  very  dense  layer 
had  spread  over  two-thirds  of  the  surface  in  a  fort- 


night, and  111  the  following  week  the  surface  was 
completely  covered  ;  the  pellicle  was  particularly  dense 
and  wrinkled.  On  glycerin-agar  the  growth  was  rapid, 
very  dense,  very  wrinkled,  and  warty.  On  potato  a 
brown,  fairly  abundant,  heaped  up  growth  was  readily 
formed. 


Classification. 
One  of  the  most  luxuriant  growths  in  Grade  V. 


C. 


VIRUS-Z  III. 


(Lung  of  Antelope.) 
(1.) 

Strain. — Original  Material. 


Material  Received. — Primary  ^culture,  49  days  old, 
isolated  from  the  lung  of  an  antelope. 

Cidtural  Cliaractera. — Growths  on  pure  serum 
were  satisfactory.  Good  growths  were  obtained  on 
glycerinated  serum.  On  broth  the  surface  became 
covered  in  five  weeks  with  a  tough  pellicle  of 
unequal  density  which  showed  no  tendency  to  sink. 
On  glycerin-agar  fairly  thick,  granular  growths  were 


obtained  ;  several  cultures  were  grown,  and  although 
some  yielded  better  growths  than  others  none  could 
be  described  as  distinctly  luxuriant.  On  potato 
growths  were  readily  obtained  but  did  not  become 
very  abundant  ;  they  exhibited  a  brownish  yellow 
pigment. 

On  media  other  than  serum  the  bacilli  were  longer 
and  less  regularly  stained  than  serum  grown  bacilli. 


Classification. 
One  of  the  poorest  growths  of  Grade  IV. 


(2.) 


Strain. — Rabbit  1041. 


Material  Received. — Second  generation,  14  days  old, 
of  culture  isolated  from  Rabbit  1041. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.     On  broth,  the  surface  became  slowly 


covered  with  a  moderately  thick  and  tough  layer 
showing  no  tendency  to  sink.  On  glycerin-agar  there 
was  a  thick,  granular,  and  very  wrinkled  layer.  On 
potato  the  growth  was  moderate  in  amount  and 
coloured  with  brown  pigment. 


Classification. 
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An  average  growth  of  Grade  IV. 
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■{3.) 

Strain. — Rabbit  1241. 


Material  Received  — Primary  culture,  103  days  old, 
isolated  from  Rabbit  1241,  which  was  inoculated  with 
original  material. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  only  a  few  patches  of  growth 
were  obtained  in  the  first  culture,  but  in  a  second  the 


greater  part  of  the  surface  was  covered  in  two  months 
with  thick  patches.  On  glycerin-agar  a  thick  layer 
was  readily  formed,  and  afterwards  became  wrinkled 
and  showed  a  few  warty  elevations.  On  potato  a 
moderate  amount  of  brick -red  growth  was  obtained. 


Classification. 
Equal,  on  the  whole,  to  the  average  of  Grade  IV. 


(4.) 

Strain.— G.V.  2733  from  Rabbit  1241. 


Material  Received. — Second  generation,  20  days  old, 
of  culture  isolated  from  G.P.  2733,  which  was  inocu- 
lated from  Rabbit  1241. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  the  first  culture  only  produced  a 


few  islands  ;  the  second  covered  the  greater  part  of 
the  surface  in  two  months  with  a  moderately  thick 
layer.  On  glycerin-agar  and  potato  the  growths  were 
identical  with  those  of  the  preceding  strain. 


Classification. 
Identical  with  the  preceding  strain. 


(5.) 

Rabbit  1368. 


Material  Received. — Fourth  generation,  8  days  old, 
isolated  from  Rabbit  1368. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.    On  broth  the  first  culture  was  poor  ;  the 


second  became  covered  with  a  thick  warty  pellicle 
during  the  second  month.  On  glycerin-agar  and 
potato  the  growths  were  identical  with  those  of  the 
two  preceding  strains. 


Classification. 
Nearly  identical  with  the  two  preceding  strains. 


classification  of  vieuses  isolated  feom  othee  spontaneously  affected  mammals. 


Grade, 

Cultural  Vigour 
Eelative  to  Grade. 

Strain. 

Virus. 

Original  Material. 

III. 

Above  average 

Original  Material 

P  I. 

Mesenteric  gland  of  a  Cat. 

IV. 

Below  average 

Original  Material   

Z  III. 

Lung  of  an  Antelope. 

>i 

Average 

Eabbit  1041   

J> 

n 

)> 

Eabbit  1241 

)J 

)) 

)> 

G.P.  2733  from  Eabbit  1241  ... 

)) 

» 

)» 

Eabbit  1368   

)> 

V. 

Above  average 

Original  Material   

Z  I. 

Lung  of  a  Gnu, 

Summary  of  Results. 

The  virus  from  the  cat  grew  fairly  well,  but  not     viruses  ;  and  the  virus  from  the  gnu  was  extremely 
better  than  some  bovine  viruses.    The  virus  from  the     luxuriant  in  its  growth, 
antelope  grew  as  well  as  many  slightly  virulent  human 
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VI.-THE  CULTURAL  CHARACTEIiS  OF  BACILLI  ISOLATED  FROM  BIRDS. 


CULTURAL  CHARACTERS  OF  INDIVIDUAL  STRAINS. 

VIRUS-A  I. 
(Intestinal  Lesions  of  Touracon.)J 


Material  Received. — Primary  culture,  67  days  old, 
isolated  from  the  intestinal  lesions  of  a  touracon. 

Cultural  Characters. — A  scanty  growth  was  obtained 
on  pure  serum  ;  on  glycerinated  serum  the  growth 
was  abundant ;  on  both  media  it  was  of  a  slimy 
character.  No  surface  growth  was  obtained  on  broth. 
On  glycerin-agar  a  white,  slimy  growth  developed 
and  attained  its  maximum  in  about  a  fortnight.  On 
potato  the  growth  slowly  increased  and  gradually 
developed  pigment  ;  in  two  months  it  consisted  of 
abundant,  raised,  yellow  colonies. 


On  horse  sei  um,  in  a  15  days'  film,  the  bacilli  varied 
in  length  from  "o  to  1-25  and  occasionally  Vh  ;  they 
were  straight  and  uniformly  stained.  On  glycerinated 
horse  serum  some  longer  and  some  thicker  forms  were 
observed.  On  glycerin-agar,  in  a  42  days'  film,  the 
majority  of  the  bacilli  varied  in  length  from  1  to  3  jit 
and  were  straight  and  uniformly  stained  ;  much 
longer  (4  to  8/<)  and  thicker  forms  were  also  present  ; 
some  of  these  exhibited  club-shaped  extremities.  On 
potato,  in  a  56  days'  film,  the  bacilli  varied  in  length 
from  -75  to  3  ;  the  majority  Avere  straight  and 
headed. 


Classification 
a  typical  avian  tubercle  bacillus. 


VIRUS-A  II. 
(Spleen  of  Pigeon.) 


Material  Received. — Third  generation,  5  days  old, 
of  culture  isolated  from  the  spleen  of  a  pigeon. 

Cultural  Characters. — Growth  on  pure  serum  was 
very  poor  ;  on  glycerinated  serum  an  abundant  slimy 
growth  was  obtained.  On  broth,  with  the  exception 
of  a  few  very  small  islands,  there  was  no  surface 
growth.  On  glycerin-agar  a  white,  slimy  growth  was 
readily  obtained  ;  no  increase  was  observed  after  the 
second  week.  On  potato  the  growth  was  slow,  but 
gradually  became  fairly  copious  and  developed  a  yellow 
pigment ;  growth  continued  for  about  seven  weeks. 


On  horse  serum,  in  a  15  days'  film,  the  bacilli  varied 
in  length  from  '5  t^  l"5f(,  and  were  straight  and 
uniformly  stained.  On  glycerinated  serum  some 
longer  (2  to  3/t)  and  thicker  forms  were  found.  On 
glycerin-agar,  in  a  42  days'  film,  the  majority  of  the 
bacilli  were  no  longer  than  those  grown  on  glycerin- 
ated serum,  l)ut  stained  more  irregularly  ;  much 
longer  (4  to  6//),  thicker,  and  irregular  forms  were 
also  present.  On  potato,  in  a  56  days'  film,  the 
bacilli  varied  in  length  from  1  to  4  ;  they  were 
straight,  or  only  slightly  curved,  and  generally  beaded. 


Classification. 
A  typical  avian  tubercle  bacillus. 


VIRUS-A  III. 
(Lung  of  Crane.) 


Material  Received. — Second  generation,  40  days  old, 
of  culture  isolated  from  the  lung  of  a  crane. 

Cidtural  Characters. — A  moderate  amount  of  slimy 
growth  was  obtained  on  pure  serum,  but  the  growth 
on  glycerinated  ferum  was  much  better  and  was  of 
the  typical  slimy  character.  On  broth  no  surface 
growth  was  obtained.  On  glycerin-agar  the  usual 
white,  slimy  growth  readily  appeared,  and  attained  its 
maximum  development  about  the  end  of  the  second 
week.  On  potato  growth  continued  for  about  seven 
weeks  and  became  abundant  and  cream-coloured. 


On  horse  serum,  in  a  15  days'  film,  the  bacilli  varied 
in  length  from  '5  to  1*25  /<  and  were  straight  and 
uniformly  stained.  On  glycerinated  horse  serum 
the  bacilli  were  also  notably  short  and  uniform  in 
character,  resembling  those  grown  on  pure  serum. 
On  glycerin-agar,  in  a  42  days'  film,  itiost  of  the  bacilli 
resembled  those  grown  on  serum,  but  were  a  little 
longer;  a  few  much  longer  (4  to  5/()  and  thicker 
forms  were  also  present.  On  potato,  in  a  56  days'  film, 
the  bacilli  varied  in  length  from  1  to  4'5  /<,  and  were 
generally  straight,  or  only  slightly  curved,  and  beaded. 


Classification. 
A  typical  avian  tubercle  bacillus.! 


VIRUS-A  IV. 

(Liver  of  Pheasant  I.) 
(1.) 

Strain. — Original  Material. 


Material  Received. — Primary  culture,  19  days  old, 
isolated  from  the  liver  of  Pheasant  I. 

Cultural  Characters. — Some  growth,  of  a  slimy 
nature,  was  obtained  on  pure  serum  ;  on  glycerinated 


serum  an  abundant  slimy  growth  was  obtained.  No 
surface  growth  was  obtained  on  broth.  On  glycerin- 
agar  the  usual  white  slimy  growth,  taking  about  a 
fortnight  to  fully  develop,  was  obtained.    On  potato 
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growth  continued  for  about  seven  weeks  and  gradually 
became  cream-coloured  ;  the  yield  was  fairly  abundant. 

On  horse  serum,  in  a  15  days'  film,  the  bacilli  varied 
in  length  from  about  "75  to  1'5  or  2  ft  and  were 
straight  and  uniformly  stained.  On  glycerinated  serum 
some  longer  and  thicker  forms  were  found.  On 


glycerin-agar,  in  a  42  days'  film,  the  bacilli  resembled 
those  grown  on  glycerinated  serum  ;  long,  thick  bacilli 
were  present  but  rare.  On  potato,  in  a  56  days'  film, 
the  bacilli  varied  in  length  from  '75  to  4  f*  and  were 
for  the  most  part  straight  and  beaded. 


Classification. 
A  typical  avian  tubercle  bacillus. 


(2.) 

Strain. — Calf  456. 


Material  Received. — Third  generation,  7  days  old,  of 
culture  isolated  from  the  prescapular  gland  of  Calf 
456. 

Cultural  Characters. — Good  growths  were  obtained 
on  serum.  On  broth  a  thin  pellicle  was  rapidly  pro- 
duced but  became  moist  during  the  third  week  and 
then  rapidly  sank.  On  glycerin-agar  an  opaque,  dry, 
dull  grey  layer  of  moderate  density  was  produced. 


On  potato  there  was  a  thin,  grey  layer  beset  with  pin- 
point colonies  ;  these  colonies  became  larger  towards 
the  end  of  the  second  month  and  assumed  a  yellowish 
pigment. 

On  media  other  than  serum  the  bacilli  varied  in 
length  from  -75  to  3  /x,  and  were  for  the  most  part 
straight  and  uniformly  stained. 


Classification. 

The  cultures  resemble  those  of  mammalian  bacilli  classed  amongst  the  poorer  growths  of  Grade  III 


(3.) 


Strain. — Calf  494.    {Local  Lesion.) 


Material  Received. — Second  generation,  36  days  old, 
of  culture  isolated  fron  the  local  lesion  of  Calf  494. 

Cultural  Characters. — Good  growths  of  a  slimy 
appearance,  typical  of  the  avian  bacillus,  were 
obtained  on  glycerinated  serum.  On  broth  the  bacilli 
refused  to  form  a  surface  growth.    On  glycerin-agar 


and  on  potato  typical  thick,  slimy  growths  were 
obtained  ;  the  yield  on  potato  was  of  a  light  brown 
colour. 

The  bacilli  grown  on  glycerin-agar  varied  in  length 
from  1'5  to  4  and  stained  very  irregularly  ;  long, 
thickened  forms  occurred  frequently. 


Classification. 
A  typical  avian  bacillus. 


(4.) 


Strain. — Calf  494.    {Prescajiular  Gland.) 


Material  Received. — Third  generation,  140  days  old, 
of  culture  isolated  from  the  right  prescapular  gland  of 
Calf  494. 

Cultural  Characters. — Good  growths  were  obtained 


on  glycerinated  serum.  On  broth  the  bacilli  refused 
to  form  a  surface  pellicle.  On  glycerin-agar  and  on 
potato  good  growths,  typical  of  the  avian  bacillus, 
were  obtained. 


Classification. 
A  typical  avian  liacillas. 


(5.) 


Strain. — Fowl  298  {Local  Lesion)  from  Calf  456. 


Material  Received. — Primary  culture,  51  days  old, 
isolated  from  the  local  lesion  of  Fowl  298,  which  had 
been  inoculated  from  Calf  456. 

Cultural  Characters. — Growths  on  glycerinated 
serum  were  good  and  rather  moist,  though  not  slimy. 
Growths  on  pure  serum  were  very  poor  at  first,  but 
afterwards  improved.  On  broth  a  thin,  grey  layer, 
speckled  with  denser  colonies  gradually  spread  over 
the  surface. 


On  glycerin-agar  the  growth  was  dry,  grey,  thin  on 
the  whole,  but  contained  a  few  warty  colonies.  On 
potato  a  dry,  white,  and  scanty  layer  was  slowly 
formed. 

On  broth  and  potato  the  bacilli  varied  in  length 
from  2  to  6  j«,  and  on  glycerin-agar  from  1'5  to 
3  fi.  Many  fo'-ms  were  beaded  but  no  other  irregu- 
larities of  staining  were  noted 


Classification. 


Mammalian  :  amongst  the  poorer  growths  of  Grade  III. 
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(6.) 

-S'i;m/«.— Fowl  298.  (Lirer.) 


Material  Received. — Primary  culture,  51  days  old, 
isolated  from  the  liver  of  Fowl  298. 

Cultural  Characters. — On  pure  serum  very  scanty  ; 
on  glyceriaated  serum  abundant  and  slimy.  No 
growth  was  obtained  on  broth.    On  glycerin-agar  the 


typical  white  slimy  growth  was  obtained.  On  potato 
there  was  a  typical  yellow,  slimy  growth. 

On  potato  and  glycerin-agar  the  bacilli  showed 
only  slight  morphological  devia''/ions  from  the  serum 
type. 


Classification, 
a  typical  avian  bacillus. 


VIRUS-A  V. 


(Spleen  of  Pheasant  II.) 
(1.) 

Strai?!. — Original  Material. 


Material  Received. — Third  generation,  10  days  old, 
isolated  from  culture  of  the  spleen  of  Pheasant  11. 

Cultural  Characters. — On  pure  serum  growth  was 
extremely  scanty ;  on  glycerinated  serum  growths 
were  good  and  were  of  the  typical  slimy  appearance. 
The  culture  was  kept  up  on  the  latter  medium.  On 
broth  no  surface  growth  was  obtained.  On  glycerin- 
agar  a  thick,  white  slimy  growth  developed  and 
attained  its  maximum  during  the  first  fortnight.  On 


potato  growth  progressed  for  about  two  months, 
became  fairly  abundant,  and  gradually  assumed  a 
yellowish  colour. 

On  glycerinated  serum  and  glycerin-agar,  in 
addition  to  forms  resembling  ordinary  serum 
bacilli,  longer  (2  to  3"5  fi)  and  much  thicker  forms 
were  present.  These  thicker  forms  were  not  noted 
in  the  potato  growth. 


Classification, 
a  typical  avian  bacillus. 


(2.) 

Strain.— G.  P.  2531. 


Material  Received. — Primary  culture,  103  days  old, 
isolated  from  G.  P.  2531,  which  had  been  inoculated 
with  the  contents  of  a  collodion  capsule. 

Cultural  Characters. — On  pure  serum  growth  was 
very  scanty  ;  on  glycerinated  serum  growth  was  good, 
not  slimy  but  forming  a  tough,  sticky  paste.  Sub- 
cultures on  the  test  media  were  made  from  glycerinated 
serum,  as  the  subcultures  attempted  from  the  very 
scanty  growth  on  pure  serum  yielded  nothing.  On 
broth  the  surface  became  gradually  covered  with  a 
thin,  grey  pellicle,  speckled  with  small  patches  of 


denser  material.  On  glycerin-agar  the  growth  was 
dry,  grey,  rather  thin,  but  interspersed  with  colonies 
and  patches  of  denser  material.  On  potato  the 
surface  became  slowly  covered  with  a  dry,  thin, 
cream-coloured  layer. 

On  potato,  in  a  56  days'  film,  the  bacilli  varied  iu 
length  from  2  to  6  and  were  mostly  curved  and 
beaded.  On  broth,  in  a  28  days'  film,  they  were  also 
long  (2  to  5  but  more  uniformly  stained.  On 
glycerin-agar,  in  a  45  days'  film,  they  were  shorter 
(1  to  3  ft),  and  about  half  were  straight  and  unifoi-mly 
stained. 


Classification. 

The  characters,  on  the  test  media,  are  those  of  mammalian  bacilli  equivalent  to  the  average  growths  of 
Orade  III. 


VIRUS-A  VI. 
(Spleen  of  Pheasant  III.) 


Material  Received. — Seventh  generation,  20  days  old, 
of  culture  isolated  from  the  spleen  of  Pheasant  III. 

Cxdtural  Characters. — Good  growths  were  obtained 
on  glycerinated  serum,  and  were  of  the  slimy  character 
topical  of  the  avian  bacillus.  On  broth  no  surface 
growth  was  obtained.    On  glycerin-agar  the  growth 


was  white  and  slimy  but  not  quite  so  abundant  as  with 
some  viruses.  On  potato  the  growth  was  slimy  and 
abundant,  and  exhibited  a  brown  pigmentation. 

On  all  media  the  majority  of  the  bacilli  were  very 
short  but  a  smaller  number  of  long,  thickened  forms 
occurred. 


Classification. 


a  typical  avian  bacillus. 
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VIRUS-A  VII. 
(Spleen  of  Fowl  A.) 


Material  Received. — Primary  culture,  22  days  old, 
isolated  frcm  the  spleen  of  Fowl  A. 

Cultural  Characters. — Good  growths,  of  a  typical 
slimy  appearance,   were   obtained  on  glycerinated 


serum.  On  broth  the  bacilli  refused  to  form  a 
surface  growth.  On  glycerin-agar  a  typical  white, 
slimy  growth  was  formed.  On  potato  a  moist,  yellow 
growth  was  slowly  produced  and  became  fairly 
abundant. 


Classification. 
A  typical  avian  bacillus. 


VIRUS-A  VIII. 
(Spleen  of  Fowl  B.) 


Material  Received. — Second  generation,  11  days  old, 
of  culture  from  spleen  of  Fowl  B. 

Cultural  Characters. — Good  growths  were  obtained 
on  glycerinated  serum.    On  broth  no  surface  growth 


took  place  but  the  bacilli  grew  at  the  bottom  of  the 
flask.  On  glycerin-agar  and  potato  the  growths  were 
rather  poor  at  first  but  good  in  later  generations.  All 
the  growths  showed  the  typical  slimy  characters  of 
the  avian  bacillus. 


Classification. 
A  typical  avian  bacillus. 


VIRUS-A  X. 
(Fowl  D.) 
(1.) 

Strain. — Rabbit  from  Original  Material. 


Material  Received. — Third  generation,  30  days  old, 
of  culture  isolated  from  a  rabbit  inoculated  with 
Fowl  D. 

Cultural  Characters. — Good  growths  were  obtained 


on  glycerinated  serum.  No  surface  growth  was  pro- 
duced on  broth.  On  glycerin-agar  and  potato 
abundant,  slimy  growths  were  readily  formed,  the 
growth  on  potato  being  coloured  with  a  brownish 
yellow  pigment. 


Classification. 
A  typical  avian  bacillus. 


(2.) 


Strain. — Rabbit  1866  from  Calf  574. 


Material  Received. — Primary  culture,  43  days  old.  Cultural  Characters. — Good  growths  were  obtained 
isolated  from  Rabbit  1866,  which  had  been  inoculated  on  serum.  On  glycerin-agar  the  growth  was  mamma- 
with  culture  from  a  bronchial  gland  of  Calf  574.  lian  in  type  and  formed  a  thin  grey  layer. 

Classification. 


About  the  average  of  Grade  II. 


Bacteeiology — Classification  of  Avian  Viruses, 
classification  of  viruses  isolated  from  birds. 

(1.)  Avian  Type. 
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strain. 


Virus. 


Original  Avian  Material. 


riginal  Material 
riginal  Material 
riginal  Material 
riginal  Material 
alf  494  (Local  Lesion) 

„  (Prescapular  Gland) 
owl  298  (Liver) 
Jriginal  Material 
Original  Material 
Original  Material 
Original  Material 
Rabbit  inoculated  with  Original  Material 


A  I. 

All. 
A  III. 
A  IV. 


A  V. 
AVI. 
A  VII. 
A  VIII. 

AX. 


Intestinal  nodule  of  a  Touracon. 
Spleen  of  Pigeon. 
Lung  of  Crane. 
Liver  of  Pheasant  I, 


Spleen  of  Pheasant  II. 
Spleen  of  Pheasant  III. 
Spleen  of  Fowl  A. 
Spleen  of  Fowl  B. 
Fowl  D. 


(2.)  Mammalian  Type. 


Grade. 

Cultural  Vigour 
Relative  to  Grade. 

Strain. 

Virus. 

Original  Avian  Material. 

II. 

Average 

Rabbit  1866  from  Calf  574  

A  X. 

Fowl  D. 

III. 

Below  average 

Calf  456   ,   

A  IV. 

Liver  of  Pheasant  I. 

5) 

Fowl  298  (Local  Lesion)  from  Calf 

»  )> 

456. 

)) 

Average 

G.P.  2531   

AV. 

Spleen  of  Pheasant  II. 

Summary  of  Results. 


All  the  cultures  raised  from  original  avian  material 
were  practcially  identical,  presenting  in  common  the 
characteristics  of  : — very  poor  growth  on  pure  serum  ; 
copious  growth  on  glycerinated  serum  ;  refusal  to 
spread  from  a  sloping  surface  of  glycerinated  serum 
on  to  the  surface  of  broth,  but  the  formation  of 
powdery  growth  at  the  bottom  of  the  broth  ;  copious, 
pale,  slimy  growth  on  glycerin-agar  ;  abundant,  pig- 
mented growth  on  potato  ;  in  films  examined  micro- 


scopically, a  free  separation  of  the  bacilli  (to  be  con- 
trasted with  the  glueing  together  of  mammalian  bacilli), 
a  marked  prevalence  of  very  short  forms  in  some 
cultures,  and  a  marked  pleomorphism,  with  not  in- 
frequent branching,  in  others. 

Four  strains,  recovered  after  residence  of  the  bacilli 
in  mammals,  presented  the  mammalian  characters  of 
Grades  II  and  III. 
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PART  IV. 


COMPAKISON  OF  MAMMALIAN  WITH  AYIAINT 

VIRUSES. 


I.-THE  CULTURAL  AND  MICROSCOPIC  CHARACTERISTICS  OF  THE  MAMMALIAN 

BACILLI. 


The  starting-point  of  my  culture  work  has  nearly 
always  been  a  culture  isolated  by  one  or  other  of  my 
colleagues  either  upon  pure  inspissated  blood-serum  or 
upon  Dorset's  egg  medium. 

For  the  purpose  of  keeping  a  strain  alive  and  in 
vigorous  condition,  without  altering  its  characteristics, 
I  have  found  pure  inspissated  blood-serum  to  be  the 
best  medium  for  subculture.  I  have  invariably  kept 
up  my  stock  on  this  medium,  and  when  investigating 
differences  of  growth  on  various  media,  such  media 
have  always  been  inoculated  from  a  serum  tube.  In 
order  to  bring  out  differences  in  cultural  luxuriance,  I 
have  constantly  employed  three  media,  viz.,  glyceri- 
nated  broth,  glycerin-agar,  and  glycerinated  potato. 
I  have  also  used  in  many  instances  glycerin-serum, 
Lemco-peptone  broth  with  the  addition  of  some 
sugar,  starch,  alcohol,  or  glucoside,  and  an  asparagin 
medium  containing  some  similar  addition. 

I  have  usually  prepared  the  serum,  which  has  been 
sterile,  by  exposing  it  in  slanted  test-tubes  and  in  an 
atmosphere  saturated  with  moisture,  to  a  temperature 
gradually  raised  up  to  75°  C.  ;  it  has  been  kept  at  this 
temperature  until  firm  coagulation  has  taken  place. 
The  serum  from  different  animals  varies  in  its  nutri- 
tive qualities.  I  have  found  that  the  serum  from 
adult  bovines  is  invariably  good  ;  calf  serum  and 
horse  serum,  though  somewhat  inferior,  have  proved 
quite  good  enough  to  promote  a  satisfactory  growth 
for  subcultures.  The  dog  serum  which  1  have  used 
has  generally  been  very  good  ;  I  have  also  obtained 
good  growths  on  pig  serum.  For  most  of  my  serum  I 
am  indebted  to  my  colleagues. 

For  the  preparation  of  glycerinated  serum,  broth, 
agar,  and  potato  I  have  used  5  per  cent,  of  pure 
glycerin.  In  other  respects  the  broth,  agar,  and  potato 
were  prepared  in  the  ordinary  way,  the  acidity  of  the 
broth  to  phenolphthaleine  being  from  +  12  to  -j-  16 
per  litre. 

To  cultivate  the  tubercle  bacillus  on  broth  I  have 
devised  a  method  which,  so  far  as  I  know,  is  new.  A 
layer  of  serum  is  inspissated  on  one  of  the  narrow 
Bides  of  an  ordinary  medicine  flask.  During  the 
process  of  coagulation,  the  medicine  flask,  instead, of 
resting  upright  on  its  narrow  side,  is  tilted  at  a  slight 
angle  from  the  perpendicular,  in  order  to  give  the 
serum  a  suitable  slope.  After  cooling,  a  convenient 
amount  of  broth  is  poured  into  the  flask,  which  is 
then  laid  on  the  broad  side  corresponding  to  the  broad 
end  of  the  wedge  of  the  serum.  The  serum  slope 
above  the  level  of  the  broth  is  inoculated  in  the  usual 
way.  The  bacilli  grow  down  the  serum  slope,  and 
when  they  reach  the  broth,  have  the  opportunity  of 
growing  over  its  surface.  This  seems  to  me  a  more 
reliable  method  than  any  other  I  know  for  objectively 
estimating  the  relative  readiness  or  reluctance  of 
different  strains  of  tubercle  bacilli  to  grow  on  a  liquid 
medium. 

All  culture  tubes  and  broth  flasks  are  plugged  with 
cotton  wool  which  is  sealed  with  paraffin  as  soon  as 
sterilisation  has  been  completed. 

The  temperature  for  incubation  has  been  37J°  C. 

With  regard  to  primary  cultures  I  quote  the  follow- 
ing examples  of  cultures  raised  in  my  laboratory, 
the  infected  tissues  having  been  provided  for  me  by 
my  colleagues. 


Taking  a  typical  bovine  virus,  B  XXIV,  I  raised 
cultures  from  the  spleen  of  a  guinea-pig  inoculated 
with  the  original  bovine  material.  In  the  portion  of 
the  spleen  selected,  bacilli  were  somewhat  scanty  ;  a 
smear  preparation  revealed  from  two  to  six  in  every 
five  or  six  microscopic  fields.  The  bacilli  were  from 
2  to  3  /i  in  length  and  most  of  them  were  curved  and 
beaded.  After  fragments  of  this  material  had  been 
rubbed  with  the  platinum  loop  over  the  surface  of  dog 
serum  tubes,  minute  grey  colonies,  dotted  all  over 
the  surface,  were  distinctly  visible  in  nine  days.  The 
colonies  increased  in  size  during  the  second  and  third 
weeks,  and  then  development  ceased.  The  ultimate 
yield  consisted  of  a  granular  growth  covering  the 
entire  surface  and  composed  of  discrete  colonies  which 
were  closely  set  together  and  averaged  from  ^  to  i  a 
millimeter  in  diameter.  Four  tubes  of  pure  bovine 
serum  were  also  inoculated  with  a  broken-up  portion 
of  the  same  spleen.  In  all  of  them,  as  is  usual  with 
bovine  serum  but  not  with  dog  serum,  a  scum  formed 
over  the  surface  before  any  growth  appeared.  In  one 
of  the  tubes  colonies  were  just  visible,  emerging  from 
the  scum,  but  not  so  numerous  as  on  the  dog  serum 
tubes,  in  nine  days.  The  other  three  tubes  showed 
no  growth,  visible  to  the  naked  eye,  in  twelve  days ; 
they  were  then  rubbed  up  with  the  platinum  loop, 
and  two  days  afterwards  a  definite  growth  appeared  all 
over  the  surface  in  all  of  them  ;  at  the  end  of  three 
weeks  a  fairly  thick  layer  was  obtained,  quite  as 
copious  as  on  any  of  the  dog  serum  tubes.  On 
glycerinated  bovine  serum  my  attempts  to  raise 
primary  cultures  failed. 

The  human  virus  H  59.  "  L.B."  proved  to  be  identical 
with  the  last-mentioned  bovine  virus  both  as  regards 
virulence  and  as  regards  scantiness  of  growth  in  sub- 
culture on  test  media.  From  the  spleen  and  a  sternal 
gland  of  a  guinea-pig  inoculated  with  the  original 
human  material  of  H  59.  "L.B."  I  inoculated  tubes  of 
egg,  pure  bovine  serum,  and  glycerinated  bovine 
serum.  On  the  egg  medium  the  surface  became  well 
covered  with  minute  points  of  growth  in  about  three 
weeks,  and  on  the  glycerinated  bovine  serum  several 
discrete  white  colonies  were  formed  in  about  three 
weeks  ;  but  on  the  pure  bovine  serum  no  growth  was 
obtained. 

In  the  case  of  a  swine  virus,  P  XIV,  which  was 
found  to  be  identical  in  every  respect  with  an  ordinary 
bovine  virus,  I  obtained  the  sternal  gland  of  a  gumea- 
pig  inoculated  with  the  original  material,  and  from 
this  gland  inoculated  egg,  pure  dog  serum,  and 
glycerinated  serum.  The  egg  and  the  pure  serum 
tubes  yielded  numerous  minute  colonies  which  became 
visible  at  the  end  of  three  weeks,  but  no  growth  was 
obtained  on  the  glycerinated  serum. 

As  another  example  I  take  the  less  virulent,  and 
culturally  more  luxuriant,  human  virus  H.  52.  "  T.F." 
I  made  cultures  from  the  spleen  of  a  guinea-pig  killed 
fourteen  days  after  inoculation  wich  the  human  lung. 
A  smear  from  the  spleen  showed  that  the  bacilli  were 
moderately  numerous,  and  that  they  varied  in  length 
from  2  to  6  ft.  On  pure  bovine  serum  growth  was 
first  definitely  visible  in  eight  days.  At  the  end  of  a 
fortnight  the  surface  was  well  covered  with  minute, 
semi-translucent  colonies  which  were  closely  set 
together  and  gave  the   surface   the  appearance  of 
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Iround-glass.  Growth  increased  until  the  end  of  the 
Irst  month,  when  the  surface  was  well  covered  with  a 
laoderately  dense,  opaque  layer,  containing  several 
laised,  white  colonies.  Three  tubes  of  glycerinated 
lovine  serum  were  also  inoculated  with  emulsion  from 
Ihe  same  spleen.  In  one,  very  minute  colonies  were 
lust  visible  about  the  eleventh  or  twelfth  day  ;  growth 
Iras  then  rapid,  and  at  the  end  of  a  fortnight  was 
[nore  abundant  than  on  pure  serum,  and  whiter  ;  at 
[he  end  of  a  month  there  was  a  dense,  continuous 
ayer  of  growth  all  over  the  surface,  with  large,  raised 
vhite  colonies.  In  the  two  other  tubes  inoculated, 
10  colonies  were  visible  until  between  the  second  and 
ihird  weeks  ;  at  the  end  of  a  month,  in  one  of  these 
;ubes  the  surface  was  covered  with  small  white 
;olonies  which  were  nearly  coalescent  over  most  of  the 
surface,  and  in  some  patches  were  heaped  up  ;  the 
Dther  tube,  at  the  same  date,  exhibited  several  large 
[up  to  2  mm.),  discrete  colonies,  the  rest  of  the  surface 
being  bare. 

The  following  is  a  general  account  of  my  observa- 
tions on  the  growth  of  the  mammalian  bacillus  in 
subculture. 

On  serum  the  surface  becomes  covered,  generally 
within  a  fortnight,  with  a  grey  layer  which  is  at  first 
uniform  in  density  but  afterwards  exhibits  raised,  dry, 
warty  colonies.  From  some  sera,  particularly  from 
the  serum  of  adult  bovines,  the  bacillus  is  often  able 
to  extract  a  yellow  pigment.  This  capacity  is,  as  a 
rule,  confined  to  those  strains  of  bacilli  which  grow 
luxuriantly  on  media  other  than  serum,  and  with  these 
more  abundantly  growing  strains  the  addition  of 
glycerin  to  the  serum  increases  the  amount  of  growth. 

My  method  of  observing  the  readiness  or  reluctance 
of  a  culture  to  transfer  itself  from  serum  to  broth  has 
brought  out  marked  differences  between  the  different 
viruses.  In  some  cases,  after  there  was  a  good  layer 
of  growth  on  the  serum,  a  delay  of  a  week  or  two,  or 
even  longer,  took  place  before  there  was  any  growth 
on  the  broth  ;  and  then  the  formation  of  a  pellicle 
often  began  as  small,  isolated  islands,  which  gradually 
increased  in  area  and  coalesced.  In  other  cases,  fair- 
sized  patches  of  pellicle  commenced  to  form  as  soon 
as  the  culture  on  the  layer  of  serum  touched  the 
margin  of  the  broth  ;  and  often  a  continuous  layer  of 
growth  was  seen  streaming  down  the  serum  slope  and 
spreading  uninterruptedly  across  the  surface  of  the 
broth.  The  character  of  the  pellicle,  its  rate  of 
increase,  and  its  ultimate  yield  also  varied  with  diiferent 
viruses.  Some  grew  slowly,  with  the  formation  of  a 
very  thin,  semi-translucent  pellicle  which  was  some- 
times homogeneous,  sometimes  speckled  with  a  few 
small  white  patches,  but  never  produced  a  copious  or 
uniformly  thick  growth.  In  the  case  of  a  few  of 
these  reluctantly  growing  viruses  the  patch  of  pellicle 
first  formed  was  uniformly  thick,  but,  as  it  extended, 
it  thinned  out,  and  it  never  became  uniformly  dense. 
In  the  case  of  the  more  rapidly  growing  viruses  the 
pellicle  sometimes  was  at  first  thin,  but  afterwards 
became  much  denser  ;  frequently  a  dense  pellicle  was 
formed  from  the  commencement.  Marked  differences 
have  also  been  noted  in  the  floating  capacities  of  the 
pellicles.  With  some  strains  the  growth  was  rapid 
and  moderately  thick,  but  soon  became  moist  and  then 
sank  to  the  bottom.  This  tendency  to  sink  readily 
was  not  exhibited  by  the  dense,  tough,  and  wrinkled 
types  of  pellicle. 

Very  marked  cultural  differences  have  also  been 
brought  out  by  the  use  of  glycerin-agar.  The  follow- 
ing is  a  biief  outline  of  the  different  types  of  growth 
which  have  been  observed.  (1)  During  the  first  five 
or  six  weeks  the  growth  consisted  of  no  more  than  a 
fine  grey  haze  on  the  surface  ;  towards  the  end  of  the 
second  month  a  few  large,  isolated  colonies  might 
slowly  form,  originating,  apparently,  from  the 
relatively  larger  particles  of  material  originally 
inoculated.  (2)  An  opaque,  scanty,  rather  dull,  grey 
layer  was  formed  at  the  end  of  three  weeks,  but  failed 
to  make  much  progress  subsequently,  the  growth  always 
remaining  thm  and  generally  patchy.  (3)  The 
surface  was  completely  covered  with  a  somewhat 
dense,  grey  layer  during  the  first  fortnight  ;  growth 
then  continued,  somewhat  slowly,  until  about  the 
sixth  week  ;  the  total  yield  was  moderately  dense, 


sometimes  smooth  and  dull,  and  sometimes  with  a 
brittle,  granular  appearance  on  the  surface.  (4) 
Growth  was  rapid  and  spread  as  a  uniform,  thick 
layer  all  over  the  surface.  After  about  a  fortnight 
the  layer  of  growth  became  wrinkled  and  the  wrinkles 
increased  in  prominence  as  the  growth  continued.  (5) 
Growth  still  more  abundant ;  the  layer  being  both 
wrinkled  and  thrown  into  warty  elevations. 

On  glycerin-potato  marked  differences  were  brought 
out  which  corresponded  in  a  general  way  to  the 
differences  demonstrable  on  glycerin-agar.  The  types 
of  growth  may  be,  roughly,  grouped  into  three  :  (1) 
At  the  end  of  about  five  weeks  there  was  so  little  to 
be  seen  that  it  was  doubtful  if  there  had  been  any 
increase  of  the  material  inoculated.  (2)  At  the  end 
of  the  same  period  there  was  a  clearly  recognisable, 
though  scanty,  increase,  without  any  pigment 
formation.  (3)  In  from  one  to  two  weeks'  time 
yellow  colonies  appeared  ;  copious  increase  then  took 
place,  and  in  five  weeks  the  cultures  had  already, 
sometimes,  assumed  a  typical  brownish-yellow,  pulled 
bread  appearancp.  As  on  glycerin-agar,  the  micro- 
scopic appearances  of  the  bacilli  varied  considerably 
and  exhibited  no  invariable  relationship  to  the  nature 
or  amount  of  growth. 

In  Lemco-peptone  broth  I  found  glucose  a  fairly 
good  substitute  for  glycerin.  Two  other  sugars  of 
the  sixth  series,  galactose  and  fructose  also  favoured 
the  growth  of  the  bacillus,  but  not  so  markedly  as 
glucose.  Compound  sugars  were  found  to  be  very 
distinctly  less  useful.  Probably  the  bacillus  is  unable 
to  break  up  either  these  compounds  or  the  glucosides  ; 
but  salicin,  which  contains  a  phenol  element,  seemed 
to  have  a  distinctly  inhibitory  effect.  Of  the  alcohols, 
glycerin  seems  to  stand  alone  in  its  beneficial  effect  ; 
mannite,  which  is  closely  allied  to  it,  produced  no  such 
influence,  nor  did  dulcite,  which  is  closely  related  to 
the  sugars  of  the  sixth  series.  Of  the  starches,  dextrin 
seemed  to  exert  a  slightly  favourable  influence.  Similar 
results  were  obtained  when  the  above  -  mentioned 
substances  were  added  to  an  asparagin  medium  in 
place  of  the  Lemco  broth. 

My  observations  on  the  microscopic  characters  of 
the  bacilli  may  be  summarised  as  follows  : — • 

Bacilli  grown  on  pure  scum,  whether  from  the 
horse,  bovine,  pig,  or  dog,  are  notably  uniform  in 
character.  They  are  usually  straight  and  uniformly 
stained  ;  their  average  length  is  about  1  /-i,  sometimes 
rather  less  and  sometimes  rather  more.  Forms  at 
least  as  short  as  0"75  are  always  present,  and 
frequently  there  are  a  relatively  small  number  of 
organisms  in  the  film  which  are  longer  than  the 
average,  measuring  from  1-5  to  2'5  /<.  It  is  impossible 
from  a  microscopic  examination  of  bacilli  grown  on 
serum  to  draw  any  inference  as  to  their  capacity  for 
growth  on  other  media. 

When  grown  on  glycerinated  media  the  bacilli 
generally  show  a  divergence  from  the  serum  type. 
Their  average  length  is  greater  ;  they  are  frequently 
curved  ;  and  many  of  them  exhibit  irregularities  of 
staining,  the  commonest  irregularities  being  unequal 
distribution  of  the  staining  material,  either  in  the  form 
of  regular  beads  or  as  one  or  more  darkly  stained  rods 
or  globules  which  may  be  found  in  any  part  of  the 
length  of  the  bacillus.  These  darkly  stained  rods  or 
globules  often  show  a  tendency  to  split  longitudinally, 
leading  to  the  formation  of  new  bacilli.  In  these 
irregular  growths  there  are  marked  differences  in  the 
lengths  of  individual  bacilli.  In  the  same  film  there 
are  generally  to  be  found  short  forms  (about  1  fi)  and 
many  much  longer  forms  (2-4  /<)  ;  and  in  some 
specimens  occasional  still  longer  forms  (5  to  7  or  8  ft) 
are  present.  Branched  forms,  in  cultures  grown  on 
the  media  which  I  have  employed,  are  extremely  rare. 

Bacilli  obtained  from  living  tissues  are  longer  and 
less  uniform  in  appearance  than  bacilli  cultivated  on 
pure  serum.  It  is  also  observable  that  bacilli  which 
are  growing  freely  in  the  tissues  of  their  host  are 
usually,  but  not  without  exceptions,  shorter  and  more 
uniformly  stained  than  bacilli  which  have  only 
succeeded  in  growing  in  scanty  numbers.  But  though 
this  tendency  is  recognisable,  the  virulence  of  tissue 
grown  bacilli  cannot  be  diagnosed  with  any  certainty 
from  their  morphological  appearances. 
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II.— THE  HISTOLOGICAL  CHARACTERISTICS  OF  INFECTIONS  WITH   THE  MAMMALIAN 

VIRUSES. 


A.— In  Mammals. 


In  the  Appendix  to  the  Second  Interim  Report  and 
in  the  preceding  pages  of  the  present  volume  I  have 
reported  my  histological  observations  on  the  tissues 
infected  with  mammalian  bacilli  which  have  been  sent 
to  me  for  examination  during  the  seven  years  1903-9. 
These  data  present  certain  features  which  may  be 
recorded  independently  of  opinions  derived  from  other 
sources  regarding  the  histology  of  tuberculosis. 

The  tissues  which  I  have  examined  reveal  certain 
ways  in  which  the  bacillus  has  minifested  its  capacity 
for  attacking  the  animal  body.  In  many  instances, 
excluding  cases  where  the  bacilli  have  been  inoculated 
by  the  intravenous  method,  I  have  found  that  at  an 
early  period  after  introduction  bacilli  are  present  in 
tissues  remote  alike  from  the  site  of  introduction  and 
from  the  lymphatic  glands  draining  that  site.  In 
some  of  the  cases  of  early  dissemination  where  the 
inoculation  has  been  made  by  the  subcutaneous  method, 
I  have  examined  the  local  lesion  produced  by  the 
inoculation,  and  have  there  found  bacilli  in  contact 
with,  entering,  and  within  dilated  blood  and  lymph 
capillaries.  In  addition  to  such  instances  I  have  also 
found  indirect  evidence  pointing  to  early  dissemina- 
tion. I  have  examined  numerous  cases  where,  at  a 
longer  period  after  infection,  the  total  amount  of 
disease  has  been  slight,  but  disseminated  foci  have 
been  present.  Histological  examination  of  such  foci 
has  generally  proved  them  to  be  of  a  very  definitely 
retrogressive  character,  and  not  of  recent  formation  ; 
and  the  lesions  in  the  site  of  the  body  where  the 
bacilli  were  introduced  have  also  been  found  in  a 
retrogressive  condition.  In  such  cases  these  dissemi- 
nated foci  appear  to  be  attributable  to  an  early 
dissemination  of  bacilli.  Regarding  the  circumstances 
favouring  early  dissemination,  a  histological  feature  of 
much  significance  is  that  in  early  lesions  there  is  often 
found  an  inflammatory  stage,  prior  to  the  stage  of 
circumscribed  tubercle  formation,  and  that  the  histo- 
logical changes  of  the  tissue  in  this  early  stage  render 
possible  the  direct  access  of  bacilli  to  the  blood  and 
lymph  channels.  As  to  the  quantity  of  bacilli  which 
may  escape  from  such  early  lesions,  my  observations 
indicate  that,  with  the  exception  of  very  acute  and 
rapidly  breaking  down  lesions,  the  number  of  bacilli 
Tyhich  travel  at  once  to  distant  parts  is  relatively  small. 
And  the  many  cases  where,  after  sufficient  lapse  of 
time  to  allow  tubercles  to  develop,  the  tissues  remote 
from  the  primary  focus  have  been  found  normal  under 
the  microscope,  as  well  as  to  the  naked  eye,  afford 
evidence  that  such  early  dissemination  may  either  not 
occur  at  all  or  not  in  any  appreciable  amount. 

Though  some  few  bacilli  may  make  an  early  escape, 
it  is  characteristic  of  the  specimens  which  I  have 
examined  that,  in  whatever  part  of  the  body  the  bacilli 
may  arrive,  the  tissues  almost  immediately  set  up 
•obstacles  to  their  further  progress.  In  the  local  lesions 
produced  by  subcutaneous  inoculation  the  mass  of 
bacilli  is  at  once  surrounded  by  a  barrier  of  wandering 
cells,  and  at  later  stages  there  is  a  more  or  less  dense 
peripheral  zone  of  fibrous  tissue.  The  amount  of 
resistance  offered  to  the  escape  of  bacilli  from  the  site 
■of  inoculation  varies  with  the  degree  of  virulence  of 
the  bacilli  inoculated.  When  the  bacilli  are  of  low 
virulence  the  barrier  to  further  dissemination  usually 
becomes  impenetrable  after  a  few  weeks  ;  but  if  they 
are  of  high  virulence  the  barrier  never  becomes  com- 
pletely effective  when  the  dose  is  large  ;  when  it  is 
smaller,  the  amount  of  local  resistance  offered  is 
variable,  being  very  effective  in  some  cases,  but  in 
others  relatively  slight.  When  dead  bacilli  are  inocu- 
lated, though  some  of  them  may  be  demonstrable  for 
three  months  or  more  in  the  local  lesion,  the  subcu- 
taneous resistance  appears  to  be  much  greater  than 
that  offered  to  living  bacilli  of  only  slight  virulence  ; 
and  after  cutaneous  inoculations  with  highly  viru- 
lent living  bacilli  there  is  very  little  evidence  of 
dissemination. 

The  majority  of  the  bacilli  which  escape  from  an 
infected  area  find  their  way  into  the  neighbouring 
lymphatic  glands,  and  the  histology  of  glands  thus 
infected  shows  that  these  tissues  are  of  particularly 


high  importance  in  affording  obstacles  to  the  further 
dissemination  of  bacilli.  Early  arrivals  are  generally 
detained  either  in  the  connective  tissue  where  theafferent 
vessels  open  into  the  peripheral  lymph  sinus,  or  in  the 
cellular  framework  of  this  lymph  sinus,  or  amongst  the 
lymphoid  cells  in  the  peripheral  part  of  the  cortex. 
The  early  period  of  detention  is  soon  followed  by 
tubercle  formation,  and  then  the  facilities  for  escape 
of  bacilli  are  small  except  in  rapidly  breaking  down  or 
in  highly  vascularised  lesions. 

The  study  of  infected  spleens  shows  that  this 
organ  plays  a  part  in  the  detention  of  bacilH 
which  is  similar  in  many  respects  to  that  of  the 
lymphatic  glands,  but  owing  to  its  rich  blood  supply 
and  open  vascular  system  the  facilities  for  the  escape 
of  bacilli  are  greater,  both  in  the  early  stages  after 
their  arrival  and  in  lesions  which  are  progressive  and 
breaking  down.  The  bone  marrow  is  another  im- 
portant site  where  bacilli  arrive  at  an  early  stage  of 
infection  and  are  detained  for  a  variable  period. 

In  the  blood  or  lymph  channels  I  have  observed 
that  obstruction  of  a  vessel  may  arise  from  a  clump 
of  bacilli  or  a  fragment  of  a  detached  or  broken-down 
tubercle  ;  bacilli  which  subsequently  passed  along  such 
a  path  would  be  stopped  at  the  obstructive  focus. 
But  much  the  most  important  agent  which  arrests  the 
circulating  bacillus  is  the  endothelial  cell.  It  is  highly 
characteristic  of  the  tubercle  bacillus  that  it  sticks  to 
the  cellular  material  with  which  it  comes  into  contact, 
and  I  find  the  usual  fate  of  a  circulating  bacillus  is 
that  it  becomes  adherent  to  the  endothelial  wall  of  a 
blood  or  lymph  channel.  Then  follow  cellular  changes 
which  may  cause  a  projection  into  the  lumen  of  a  vessel, 
but  which  more  frequently  form  a  lesion  on  the  ex- 
ternal aspect  of  a  capillary  channel  ;  in  either  case  the 
primary  result  of  the  tubercular  process  is  to  form  a 
cellular  barrier  detaining  the  bacillus  mi  situ. 

In  the  course  of  my  investigations  I  have  met  with 
numerous  instances,  particularly  in  lesions  which  I 
have  termed  "  retrogressive  "  or  "  non-progressive," 
where  the  barrier  set  up  by  the  tissues  against  the 
further  dissemination  of  bacilli  appears  to  be  effective, 
i.e.,  the  histological  evidence  indicates  that,  in  the 
absence  of  some  fresh  exciting  cause,  the  bacilli  present 
are  not  likely  to  pass  beyond  the  situation  in  which 
they  are  found.  In  other  cases,  again,  particularly  in 
lesions  which  I  have  termed  "progressive"  or  "not 
definitely  retrogressive,"  there  is  evidence  of  conditions 
favouring  the  further  dissemination  of  bacilli  from 
sites  where  they  have  been  temporarily  arrested. 

In  addition  to  the  local  dissemination  which 
takes  place  in  progressive  tubercles  where  bacilli 
multiply  and  grow  towards  the  periphery,  the  pro- 
gressive escape  of  bacilli  may  bo  facilitated  by  various 
causes.  There  may  be  a  local  hyperaemia  of  the  affected 
tissue,  due,  for  example,  to  the  absorption  of  irritant 
material  or  to  an  inoculation  of  tuberculin.  This  con- 
dition of  hyperaemia  I  have  often  found  in  advanced 
lesions  as  well  as  in  early  stages  of  the  disease,  and 
where  bacilli  are  numerous  the  chances  are  considerable 
that  some  of  them  may  be  carried  away  in  the 
blood  stream.  Then  I  have  observed  a  proliferative 
stage  of  tubercle  formation,  associated  with  lesions  not 
very  acute  in  type  but  often  containing  bacilli  in  con- 
siderable numbers ;  in  this  condition  opportunities 
arise  for  the  escape  of  bacilli  into  newly  formed 
capillary  channels.  But  by  far  the  most  important 
mode  of  progressive  dissemination  found  in  my 
specimens  is  due  to  the  penetration  of  tubercular  foci 
into  patent  blood  and  lymph  channels.  In  specimens 
properly  fixed  so  as  to  show  the  red  blood-corpuscles, 
dilated  capillaries,  containing  intact  corpuscles,  are 
very  frequently  found  in  the  midst  of  caseous  areas  ; 
the  slender  capillary  wall  must  sooner  or  later  give 
way,  and  in  favourable  specimens  the  process  of 
breaking  down  can  be  seen.  The  opportunity  is  then 
afforded  for  the  escape  into  the  circulation  of  caseous 
material  containing  tubercle  bacilli.  In  all  sites  of 
the  body  where  progressive  tubercles  are  present  there 
appears  to  be  a  chance  of  dissemination  taking  place 
in  this  way. 
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Another  important  mode  of  progressive  dissemination 
is  the  transference  of  an  infected  focus  from  one  site 
to  another.  Special  importance  here  attaches  to  the 
endothelial  cdll,  which  is  the  commonest  site  to  which 
a  circulating  bacillus  becomes  attached,  both  in  the 
vascular  endothelium  and  on  the  walls  of  the  lymph 
sinuses.  It  has  already  been  pointed  out  that  the 
reception  of  bacilli  by  these  cells  is  often  followed 
by  tissue  changes  which  form  a  further  barrier  to  the 
escape  of  the  bacilli.  But  here  attention  must  be  called 
to  another  fate  which  very  commonly  befalls  them. 
The  cells  swell  up,  become  detached  from  their  place 
in  the  endothelial  lining  and  are  carried  off  into  the 
lymph  or  blood  stream  together  with  the  bacilli  which 
they  contain.  And  a  larger  group  of  cells,  or  even  a 
small  tubercle  growing  into  the  lumen  of  a  vessel, 
are  sometimes  found  to  share  the  same  fate. 

Mention  must  also  be  made  of  the  spread  of  infection 
by  the  conveyance  of  bacilli-laden  material  along  the 
air  passages,  the  alimentary  tract,  the  renal  tubules, 
and  the  tubules  and  ducts  of  the  mammary  gland. 
My  histological  specimens  afford  examples  of  the 
presence  of  bacilli  in  these  situations. 

Taking  my  specimens  as  a  whole,  it  has  been  a 
comparatively  rare  event  to  find  the  mammalian 
bacillus  within  a  patent  blood-vessel.  I  have  some- 
times found  intravascular  bacilli  at  early  periods  after 
subcutaneous  inoculation  and  in  the  terminal  stages  of 
highly  acute  infections  ;  and  after  intravenous  inocu- 
lations with  overwhelming  doses  which  have  produced 
a  toxic  effect  without  lesions  typical  of  tuberculosis 
I  have  often  found  bacilli  in  the  circulation,  in  the 
later  as  well  as  in  the  earlier  periods  after  infection. 
Some  of  the  circulating  bacilli  were  free,  whilst  others 
were  attached  to  cells,  much  the  commonest  vehicle 
being  the  detached  endothelial  cells.  The  proportion 
of  free  to  attached  or  intracellular  bacilli  varied  very 
considerably  in  different  cases.  In  many  cases  free 
bacilli  have  been  in  the  majority  in  the  blood  ;  and  it 
is  of  interest  to  note  that  I  have  found  a  similar  pre- 
ponderance of  free  bacilli  in  tuberculous  milk.  In 
support  of  my  histologicil  evidence  that  the  mam- 
malian bacillus  is  unable  to  thrive,  or  even  to  persist, 
in  circulating  blood,  I  may  remark  that  in  my  bac- 
teriological work  I  have  found  pure,  liquid  blood  serum 
an  unfavourable  culture  medium  ;  in  milk,  on  the 
other  hand,  I  have  obtained  good  growth,  a  fact  which 
may  be  considered  in  connection  wich  the  capacity  of 
the  bacillu^i  to  lodge  and  multiply  in  the  folds  of  the 
bovine  milk  sinuses  apart  from,  or  even  in  the  absence 
of,  definite  tubercles  of  the  mammary  tissue. 

Considering  the  particular  types  of  cells  wherein 
the  bacillus  may  grow,  I  have  found  that  endothelial 
and  connective  tissue  cells  and  many  varieties  of 
epithelium  often  contain  bacilli  and  permit  of  their 
growth  in  situ  ;  cell  fusions  and  giant  cells,  derived 
from  endothelium,  connective  tissue,  and  epithelium, 
are  also  favourable  sites.  Occasionally  there  is  an 
abundant  growth  of  intracellular  bacilli  which  is 
associated  with  very  little  tissue  change  ;  but  where 
the  growth  of  bacilli  is  most  abundant  the  tissue  is 
gederally  completely  broken  down  and  it  is  no  longer 
possible  to  trace  its  cellular  constituents.  As  to  the 
particular  regions  of  the  body  in  which  I  have  found 
the  bacillus  to  grow  most  freely,  I  must  first  remark 
that,  setting  aside  severe  modes  of  experimental 
infection  and  experiments  on  highly  susceptible 
animals,  the  bacillus  usually  produces  lesions  of  a 
chronic  type  in  which  it  is  unable  to  grow  in  more 
than  scanty  numbers.  I  have  rarely  found  abundant 
growth  in  any  organ  of  the  body  except  when  the 
infection  has  reached  an  acute  stage.  Under  these 
latter  circumstances  the  lun^s  and  the  lymphatic 
glands  are  the  tissues  in  which  the  bacillus  grows 
most  readily.  The  cow's  udder  is  another  tissue  in 
which  bacilli  are  often  very  abundant.  I  have  also 
found  a  profuse  growth  of  bacilli  amongst  the  villi  of 
the  small  intestine  and  in  the  lumen  of  the  gut. 

Cellular  Rdationsh  'qDS. 

Proceeding  to  consider  my  observations  on  the 
reactions  of  the  cells  of  the  animal  organism  towards 
the  mammalian  tubercle  bacillus,  I  commence  with 
those  leucocytes  the  protoplasm  of  which  can,  by 
appropriate  methods,  be  made  to  stain  with  eosin. 
The  most  important  of  these  cells  is  the  one  known  as 
"finely  granular  "or  "polymorphonuclear"  ;  I  cannot 


call  it  "  neutrophil,"  because  by  this  method  of  stain- 
ing it  is  oxyphil.  The  ordinary  "coarsely  granular" 
leucocyte  is,  of  course,  more  strongly  oxyphil.  My 
method  is  to  stain  the  specimens  with  warm  carbol- 
fuohsin,  wash  with  methylated  spirit,  then  counter- 
stain  first  with  5  per  cent,  watery  eosin  and  afterwards 
with  Loeffier's  methylene  blue.  In  this  way  I  am 
able  to  give  a  yellowish-red  tinge  to  the  less  strongly 
oxyphil  leucocytes  which  are  not  disintegrated,  and  to 
impart  a  distinctly  deeper  red  colour  to  the  bacilli. 
Two  advantages  of  the  method  are  that  bacilli  con- 
tained within  such  leucocytes  are  clearly  shown,  and 
that  the  younger,  mononuclear  forms  of  the  finely 
granular  oxyphil  leucocyte,  which  are  common  in  pro- 
longed leucocytosis  and  have  a  deeply-stained  spherical 
nucleus  quite  different  from  that  of  the  ordinary 
myelocyte,  are  clearly  differentiated  from  the  small 
lymphocyte.  In  some  cases,  where  bacilli  have  bsen 
present  in  a  confused  mass  of  leucocytes,  I  have  used 
the  more  pure  yellow,  Orange  G,  to  stain  the  leuco- 
cytes instead  of  eosin.  The  three  species  of  animals 
in  which  I  have  had  the  most  favourable  opportunities 
for  observing  different  stages  of  infection  are  the 
bovine,  the  pig,  and  the  rabbit.  As  will  be  observed 
from  my  illustrations,  "finely  granular"  is  a  relative 
term.  The  size  of  the  granules  in  the  "  polymorph  " 
varies  very  considerably  in  histological  sections  of 
lesions,  even  in  the  same  species  of  animal.  In  com- 
paring diffei'ent  species  the  differences  are  found  to  be 
still  greater.  In  the  rabbit,  for  example,  the  granula- 
tion of  the  ordinary  "  polymorph "  is  particularly 
coarse.  I  find  that  the  cell  which  is  generally  known 
as  the  "  coarsely  granular  oxyphil "  is  rare  in  the 
lesions  which  I  have  examined  and  plays  a  quite 
insignificant  part  in  relation  to  infection  by  the 
tubercle  bacillus. 

In  the  bovine,  at  early  periods  (1,  3,  8,  and  14  days) 
after  subcutaneous  inoculation  with  a  large  dose  of 
bacilli,  the  local  lesion  contains  a  dense  mass  of  finely 
granular  leucocytes  which  have  surrounded  the  bacilli 
and  have  ingested  them  in  large  numbers.  Passing  out- 
wards from  the  central  mass  of  bacilli  and  leucocytes, 
bacilli  are  found  loosely  scattered  about  and  leucocytes 
are  plentiful  but  rarely  contain  bacilli  ;  they  seem  to  be 
converging  on  the  centra!  mass  and  not  to  be  attracted 
towards  these  loosely  scattered  bacilli.  In  later  stages, 
when  the  bacilli  are  of  high  virulence  similar  leucocytes 
continue  to  invade  the  expanding  lesion  but  are 
rapidly  destroyed,  though  numerous  fresh  arrivals  can 
be  found  at  the  periphery  ;  in  lesions  of  the  more 
chronic  type,  produced  by  less  virulent  bacilli,  the 
leucocytic  invasion  becomes  much  less  abundant  and 
the  leucocytes  present,  though  still  of  the  "  finely 
granular"  type,  tend  to  assume  a  sharper  granula- 
tion, and  the  individual  granules  become  larger. 
In  both  types  of  lesion  the  ingestion  of  bacilli  by 
leucocytes  is  mainly  confined  to  the  central  areas 
where  caseation  is  in  progress.  Leucocytes  which 
have  ingested  or  come  into  contact  with  bacilli  rapidly 
break  down  ;  there  is  no  evidence  that  they  play  an 
important  part  in  conveying  bacilli  from  the  site  of 
inoculation  into  the  blood  stream. 

In  early  lesions  of  the  bovine  lungs  leucocytes, 
of  the  finely  granular  type,  arrive  rather  slowly, 
and  though  a  few  of  them  are  found  to  contain 
bacilli  the  evidence  of  phagocytosis  is  only  sbght. 
In  later  lesions  of  an  acute  type  the  influx  of 
leucocytes  is  abundant,  but  they  rapidly  break  down  ; 
even  up  to  the  time  of  death  there  is  generally  a  large 
influx  of  these  cells  ;  definite  evidence  of  phagocytosis 
is  often  found,  but  on  the  whole  the  number  of 
leucocytes  containing  bacilli  is  small  compared  with 
the  number  of  those  which  do  not.  The  leucocytes 
appear  to  be  attracted  by  the  irritant  effects  of  the  break- 
ing down  tissue  rather  than  by  any  specific  stimulus 
exerted  by  the  bacilli.  In  tubsrcles  of  an  intermediate 
or  slowly  progressive  type  similar  leucocytes  are 
numerous,  and  are  often  particularly  conspicuous  at 
the  margins  of  the  lesions  ;  when  bacilli  are  numerous 
a  few  of  them  are  not  infrequently  found  within  leuco- 
cytes. In  tubercles  more  definitely  chronic  or  present- 
ing retrogressive  characters  the  number  of  leucocytes  is 
variable,  but  where  caseation  is  in  progress  these  cells 
are  generally  found  within  the  lesions  in  large 
numbers.  At  the  periphery,  leucocytes  are  frequently 
numerous  in  the  interstices  between  the  fibrous 
elements,  and  there  assume  a  coarser  granulation. 
After  intravenous  inoculation,  where  typical  tubercles 
are  produced  the  distribution  of  leucocytes  is  similar 
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io  that  found  after  other  modes  of  infection  ;  where 
the  effect  of  the  intravenous  inoculation  is  to  set  up 
inflammatory  changes  not  typical  o£  tuberculosis, 
leucocytes  are  usually  distributed  throughout  the 
tissue  in  large  numbers  and  some  of  them,  generally 
a  relatively  small  number,  may  be  phagocytic. 

In  the  bovine  liver,  at  early  periods  after  subcutaneous 
inoculation,  leucocytes  do  not  usually  occur  in  the 
lesions  in  large  numbers  and  are  rarely  found  to  con- 
tain bacilli.  In  the  later  stages  of  acute  infection, 
broken  down  leucocytes  are  always  found  but  the  number 
of  fresh  arrivals  is  variable,  being  large  in  some  specimens 
and  small  in  others  ;  finely  granular  leucocytes  giving 
a  good  oxyphil  stain  are  sometimes  found  to  contain 
bacilli.  In  lesions  of  the  intermediate  and  chronic 
types  the  number  of  leucocytes  giving  a  protoplasmic 
stain  with  eosin  is  again  variable  but  is  usually  fairly 
large ;  there  is  a  tendency  for  the  leucocytes  to  assume  a 
coarser  granulation,  particularly  at  the  margins  of  the 
lesions  ;  evidence  of  phagocytosis  is  rare.  This  differ- 
ence in  granulation  to  which  I  refer  appears  due  to  a 
gradual  change  in  those  "  polymorphs  "  which  remain 
entangled  in  the  tissue  but  do  not  break  down  ;  I 
have  not  found  evidence  of  a  marginal  infiltration 
with  the  "  coarsely  granular  eosinophil."  In  the  livers 
of  animals  which  have  been  inoculated  intravenously 
leucocytes  are  attracted  to  places  where  there  is 
tissue  disintegration,  but  in  the  specimens  showing 
diffuse  infiltration  of  bacilli  they  are  rarely  phagocytic. 

In  the  bovine  kidney  leucocytes  are  evidently 
attracted  to  irritant  or  breaking  down  material,  but 
they  are  not  closely  associated  with  tubercle  bacilli 
and  are  rarely  phagocytic. 

In  bovine  lymphatic  glands  the  inoculation  of  tuber- 
culin produces  a  marked  increase  in  the  number  of  finely 
granular  oxyphils,  even  where  tubercles  and  tubercle 
bacilli  are  absent.  In  early  lesions,  following  subcu- 
taneous inoculation  of  bacilli,  the  coarsely  granular  leu- 
cocytes normally  present  in  lymphatic  glands  diminish 
in  number  and  many  finely  granular  leucocytes  make 
their  appearance  ;  at  first  these  leucocytes  are  not 
found  in  immediate  contact  with  bacilli  ;  they  begin 
to  converge  upon  the  bacilli  when  the  latter  have  pro- 
duced some  tissue  disintegration,  and  when  this  stage 
has  been  reached  the  leucocytes  are  occasionally  found 
to  be  phagocytic.  In  later  stages  of  the  disease,  when 
the  infection  is  acute,  the  glands  rapidly  give  way  to 
complete  caseation  and  in  these  cases  not  many  intact 
leucocytes  may  be  found,  but  in  diseased  glands 
which  retain  some  portion  of  their  normal  structure 
leucocytes  are  usually  abundant  and  may  sometimes  be 
found  ingesting  bacilli  at  or  near  the  periphery  of 
caseous  areas.  In  glands  containing  tubercles  of  the 
intermediate  or  chronic  types,  leucocytes  are  usually 
plentiful,  both  at  the  margins  of  the  tubercles  and  in 
their  interior,  and  are  occasionally  found  containing 
bacilli.  After  intravenous  inoculation  leucocytes  are 
usually  numerous,  but  not  invariably  ;  they  are  often 
found  converging  upon  the  bacilli  and  are  sometimes 
phagocytic. 

In  tuberculosis  of  the  cow's  udder,  both  in  acute  and 
in  chronic  infections,  finely  granular  oxyphil  leucocytes 
are  usually  abundant,  and  v^ere  bacilli  are  numerous 
some  of  them  are  generally  found  within  leucocytes. 

In  swine,  during  the  early  periods  after  subcu- 
taneous inoculatioQ  leucocytes  of  the  finely  granulated 
oxyphil  type  are  attracted  to  deposits  of  bacilli 
more  rapidly  and  more  abundantly  than  in  bovines, 
and  the  leucocytes  are  more  frequently  found 
to  be  phagocytic.  This  early  and  copious  determina- 
tion of  leucocytes,  even  to  foci  where  only  a  few 
bacilli  have  been  deposited,  is  a  striking  feature  of 
tubercle  formation  in  the  pig.  Following  the  process 
to  a  later  stage,  it  is  found  that  even  where  the  bacilli 
have  all  disappeared  a  large  accumulation  of  leucocytes 
remains  in  situ ;  these  cells  gradually  disintegrate, 
become  surrounded  with  a  fibrous  wall,  and  give  rise  to 
a  well  marked  tubercle,  readily  visible  to  the  naked  eye. 
In  the  calf,  on  the  other  hand,  the  destruction  of  a 
small  number  of  bacilli  is  frequently  not  accompanied 
by  an  excessive  aggregation  of  leucocytes  ;  the  damage 
to  the  tissue  is  less,  and  the  process  of  repair  often  con- 
sists merely  in  the  filling  up  of  the  lesion  with  a  group 
of  lymphocytes  ;  lesions  such  as  these  would  Aot  be 
visible  to  the  naked  eye. 

In  later  stages  of  tuberculosis  in  the  pig  leucocytes 
are  usually  very  abundant  in  the  tubercles  and  are 
more  frequently  phagocytic  than  in  the  calf. 

In  rabbits  the  injection  of  tubercle  bacilli  is  followed 


by  a  prompt  leucocytosis.  The  great  majority  of 
the  invading  cells  are  "  polymorphs "  ;  it  must  be 
remembered  that  in  the  rabbit  this  cell  naturally 
possesses  a  rather  coarse  granulation.  This  leucocytic 
invasion  is  especially  well  marked  in  the  local  lesion 
produced  by  subcutaneous  inoculation,  and  effectively 
retards  the  early  dissemination  of  the  great  majority 
of  bacilli  inoculated.  On  the  whole,  the  rabbit's 
leucocytes  appear  to  be  rather  more  active  than  those 
of  the  calf.  Both  in  acute  and  in  chronic  lesions 
leucocytes  are  usually  very  abundant.  After  inocu- 
lation with  dead  bacilli,  leucocytes  usually  tend  to 
collect  round  the  material  inoculated,  and  where 
the  bacilli  are  deposited  in  clumps  or  large  groups 
they  stimulate  a  very  abundant  aggregation  of 
leucocytes. 


In  order  to  obtiin  more  precise  information  from 
my  fspecimens  regarding  the  degree  of  phagocytic 
activity  which  the  finely  granular  oxyphil  leucocyte 
manifested  towards  the  mammalian  tubercle  bacillus, 
I  have  supplemented  my  observations  by  a  series  of 
counts  recording  the  amount  of  phagocytosis  by  these 
cells  actually  observed  in  my  sections  of  representative 
tissues.  Before  making  a  count  the  whole  specimen  is 
examined,  and  a  typical  portion  of  it  is  selected  as 
the  area  to  be  estimated.  Then,  with  the  aid  of  the 
mechanical  stage,  1,000  leucocytes  are  counted ;  at 
the  same  time  records  are  made  of  the  number  of 
bacilli  found  within  the  area  occupied  by  these  leuco- 
cytes, of  the  number  of  these  bacilli  contained  within 
leucocytes,  and  of  the  number  of  leucocytes  containing 
these  bacilli.  The  only  leucocytes  counted  are  those 
the  protoplasm  of  which  takes  on  a  stain  with  eosin, 
i.e.,  the  leucocytes  which  were  not  disintegrated  when 
the  tissue  was  removed  from  the  body  and  fixed. 
"  Coarsely  granulars "  were  rarely  met  with  ;  when 
they  occurred  in  any  appreciable  numbers,  a  special 
note  was  made  about  them.  The  amount  of  phago- 
cytosis recorded  is  what  I  term  "  active "  phago- 
cytosis, i.e.,  it  is  based  on  an  estimate  of  the  proportion 
of  intact  leucocytes  which  actually  contained  bacilli  at 
the  time  when  the  experiment  was  terminated. 

222  counts  have  been  made,  viz.,  110  in  tissues  of 
calves,  66  in  rabbits,  30  in  swine,  and  16  in  goats. 
In  six  of  these  the  bacilli  present  within  leucocytes 
could  not  be  counted  with  accuracy,  and  in  70  the 
bacilli  present  in  the  area  containing  the  thousand 
leucocytes  were  too  numerous  and  too  closely  grouped 
together  to  be  accurately  counted. 

Taking  the  above  leucocyte  counts  as  a  whole,  the 
most  prominent  feature  about  them  is  that  the 
percentages  of  bacilli  contained  within  leucocytes  are 
very  small.  This  is  not  due  to  any  scarcity  of 
leucocytes,  because  the  percentages  of  leucocytes  con- 
taining bacilli  are  also  small,  and  when  a  bacillus  finds 
its  way  into  a  leucocyte  it  is  the  leucocyte  which  is 
unlikely  to  survive  rather  than  the  bacillus  ;  in  fact, 
what  I  have  constantly  found  in  the  histology  of  pro- 
gressive tubercles  is  the  association  of  dead  and  dis- 
integrated leucocytes  with  groups  of  bacilli  bearing 
evidence  of  multiplication  in  situ.  Following  the 
traditional  custom,  I  have  classed  as  actively  "  phago- 
cytic "  every  intact  leucocyte  found  to  contain  a  tubercle 
bacillus,  but  it  must  be  remembered  that  in  reality  the 
bacillus  is  killing  the  leucocyte,  and  that  the  leucocyte 
is  generally  not  devouring  the  bacillus.  But  even  on 
the  assumption,  by  no  means  justifiable,  that  every 
bacillus  within  a  leucocyte  has  been  killed,  the  amount 
of  phagocytosis  is  too  small  to  warrant  the  opinion 
that  the  leucocyte  is  the  essential  or  most  important 
agent  which  protects  the  tissues  against  the  tubercle 
bacillas.  And  the  low  percentage  of  phagocytic 
leucocytes  cannot  be  accounted  for  by  the  relatively 
high  virulence  of  the  bacilli,  since,  as  shown  in  my 
tables,  highly  virulent  bacilli  are  quite  as  frequently 
ingested  by  leucocytes  as  slightly  virulent  bacilli. 

It  is  useful  to  compare  these  leucocytic  counts  with 
my  observations,  recorded  in  earlier  paragraphs,  on 
the  presence  of  leucocytes  in  local  lesions  produced 
by  subcutaneous  inoculation.  In  the  central  area  of 
these  lesions  the  inoculated  material  is  infiltrated  with 
a  dense  mass  of  leucocytes  which  are  stuffed  with 
bacilli.  Confining  one's  attention  to  such  a  site  as 
this,  the  leucocytes  would,  in  ordinary  phraseology, 
be  described  as  intensely  phagocytic.  But  on  passing 
outwards  from  the  central  point  of  the  inoculated 
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material,  a  different  impression  is  created.  Bacilli 
are  freely  distributed,  and  there  are  plenty  of 
leucocytes ;  but  relatively  few  of  the  leucocytes 
contain  bacilli.  And,  again,  on  passing  from  the 
local  lesion  to  deposits  of  bacilli  in  distant  organs  of 
the  same  animal,  the  amount  of  phagocytosis  is 
found  to  be  still  smaller.  Therefore,  the  abundant 
phagocytosis  found  in  the  mixed  mass  of  leucocytes 
and  bacilli  is  no  indication  of  the  amount  of  phago- 
cytosis taking  place  in  other  parts  of  the  body.  In 
view  of  these  differences  in  the  amount  of  leucocytic 
phagocytosis  found  to  take  place  in  different  parts  of 
the  same  body  at  the  same  time,  it  is  difficult  to 
understand  how  the  phagocytosis  obtained  in  vitro 
with  leucocytes  and  tubercle  bacilli  can  afford  reliable 
information  as  to  the  phagocytic  activity  of  the 
leucocytes  in  a  particular  patient  at  a  particular  time. 

As  theories  based  upon  the  phagocytic  activity 
attributed  to  particular  cells  are  often  supposed  to  be 
supported  by  the  authority  of  Metchnikoff,  it  is  only 
right  to  point  out  that  Metchnikoff  ascribes  phagocytic 
activity  towards  the  tubercle  bacillus  to  the  macrophage 
rather  than  to  the  microphage,  though  he  lays  stress  on 
the  affius  "  of  microphages.  "  Even  in  the  examples 
where  it  is,  at  first,  principally  the  macrophages  which 
destroy  the  micro-oragnisms  (as  in  the  case  of  the 
resistance  of  the  animal  organism  against  the  tubercle 
bacillus),  there  is  also  a  great  afflux  of  microphages." 
(Bincie's  Translation  of  Metchnikoff's  Immunity  in 
Infective.  Diseases,  p.  177.)  My  observations  are  con- 
sistent with  this  statement,  both  as  regards  the  afflux  of 
microphages  and  as  regards  the  fact  that  tubercle 
bacilli  are  often  present  within,  and  often  perish 
within,  cells  comprised  under  the  conveniently  elastic 
category  of  "  macrophages." 

Attention  may  also  be  called  to  the  following  points 
in  connection  with  my  observations  on  phagocytosis: — 

(1.)  In  the  tissues  of  calves  experimentally  inocu- 
lated after  previous  vaccination  the  amount  of 
leucocytic  phagocytosis  is  much  smaller  than  in  the 
control  animals,  inoculated  with  the  test  dose  without 
previous  vaccination. 

(2 )  In  terminal  infections  after  subcutaneous 
inocuLition  with  bacilli  of  high  virulence,  the  percentage 
of  leucocytes  containing  bacilli  is  much  higher  than  ia 
infections  after  intravenous  inoculations,  most  of  which 
were  fatal  and  were  caused  by  viruses  of  lower  virulence. 

(3.)  The  leucocytes  of  swine  are  found  to  ingest 
tubercle  bacilli  more  frequently  than  the  bovine's 
leucocytes,  whilst  the  leucocytes  of  the  rabbit  are  less 
active  than  the  former  but  more  active  than  the 
latter.  Thus,  taking  comparable  cases,  where  precise 
estimates  were  possible,  amongst  bovines  in  25  areas 
each  containing  1,000  leucocytes  a  total  of  2,188  bacilli 
was  counted,  the  number  of  bacilli  in  leucocytes 
being  36,  and  the  percentage  of  bacilli  in  leucocytes 
r6  ;  in  25  similar  areas  in  swine  tissues  a  total  of 
5,301  bacilli  was  counted,  the  number  of  bacilli  in 
leucocytes  being  323,  and  the  percentage  of  bacilli  in 
leucocytes  6"1.  In  rabbits,  in  37  areas  each  con- 
taining 1,000  leucocytes  a  total  of  8,133  bacilli  was 
counted,  the  number  of  bacilli  in  leucocytes  being  275, 
and  the  percentage  of  bacilli  in  leucocytes  3"4. 


My  observations  on  the  small  lymphocyte  are  in 
accordance  with  the  generally  accepted  view  that  this 
cell  is  not  phagocytic  and  that  it  is  not  directly 
attracted  to  the  tubercle  bacillus.  Occasionally  I 
have  found  such  cells  in  contact  with  bacilli,  but  such 
association  has  appeared  to  me  to  be  clearly  accidental. 
I  have  observed,  however,  that  with  the  tissue 
changes  set  up  by  the  tubercle  bacillus  these  cells  are 
constantly  associated,  and  are  present  in  numbers 
which  vary  very  greatly  under  different  conditions. 

In  local  lesions  at  an  early  period  after  subcutmeous 
inoculation  the  great  majority  of  the  infiltrating  cells 
are  finely  granular  oxyphil  leucocytes  ;  small  lympho- 
cytes are  also  present  but  are  relatively  scanty.  During 
the  second  week  a  marked  increase  is  noted  in  the  number 
of  lymphocytes,  which  form  aggregations  at  the  peri- 
phery of  the  lesions.  During  the  second  week  and 
subsequently,  the  abundance  and  distribution  of  the 
small  lymphocytes  is  determined  by  the  severity  of 
the  lesion.  When  the  lesion  is  rapidly  progressive 
the  lymphocytes  are  confined  to  the  periphery,  form- 
ing a  loosely  scattered  zone  which  recedes  as  the  area 
of  necrosis  advances  ;  but  when  the  lesion  is  not  ad- 


vancing rapidly  the  lymphocytes  form  a  much  denser 
peripheral  zone  and  tend  to  advance  into  the  interior. 

In  early  disseminated  lesions  I  cannot  lay  down  any 
definite  rule  regarding  the  infiltration  of  small  lympho- 
cytes and  the  relations  of  these  cells  to  the  leucocytes. 
There  is  not,  for  example,  a  particular  stage  in  the 
process  during  which  the  infiltrating  cells  are  lympho- 
cytes, another  period,  earlier  or  later,  when  they  are 
leucocytes,  and  so  forth.  In  most  early  lesions  some 
lymphocytes  are  to  be  found,  and  the  relative 
abundance  of  these  cells  appears  to  be  determined 
in  each  particular  site  by  the  decree  of  local  irritation 
which  is  present.  Lymphocytes  are  present  where 
the  amount  of  tissue  damage  is  slight,  but  when  the 
tissue  is  rapidly  breaking  down  they  are  only  found 
at  the  outskirts  of  the  lesion. 

Similarly,  in  later  stages  of  the  disease,  the  distri- 
bution of  small  lymphocytes  varies  according  to  the 
type  of  lesion  produced.  In  acute  infections  these 
cells  are  loosely  scattered  and  do  not  form  a  compact 
peripheral  zone,  though  they  are  more  numerous  at 
the  periphery  than  in  the  interior  of  the  lesions.  In 
milder  types  of  infection  the  peripheral  zone  of 
lymphocytes  is  often  very  dense,  and  in  the  type  of 
mild,  obviously  retrogressive  lesion  which  has  not 
given  rise  to  fibrous  tissue  formation  the  site  may  be 
almost  completely  filled  up  with  lymphocytes. 


In  examining  my  specimens  with  a  view  to  ascer- 
taining the  part  played  by  the  endothelial  cell, 
I  find  that,  owing  to  the  variety  of  forms  which  it 
may  assume,  this  cell  is  more  difficult  to  trace  than 
the  oxyphil  leucocyte  or  the  small  lymphocyte.  This 
difficulty  is  increased  by  the  fact  that  some  of  tho 
forms  assumed  by  endothelial  cells  are  identical  with 
those  assumed  by  cells  not  derived  from  endothelium  ; 
hence  it  is  often  quite  impossible,  in  dealing  with  the 
confused  mass  of  cells  usually  encountered  in  tuber- 
cular lesions,  to  find  any  morphological  criterion  by 
which  all  the  cells  of  endothelial  origin,  except 
those  lining  definite  spaces  or  channels,  can  be 
identified.  The  simplest  plan  is  to  commence  v^'ith 
facts  about  which  there  can  be  no  dispute.  In  tissues 
infected  by  the  tubercle  bacillus,  have  found  the  follow- 
ing changes,  in  addition  to  merely  degenerative 
cbange,  in  cells  which  are  unmistakably  endothelial  : — 
(1)  swelling,  (2)  diffuse  staining  of  nucleus,  (3) 
increase  of  nuclei  by  direct  division,  (4)  prolifera- 
tion. The  occurrence  of  each  of  these  conditions 
will  be  considered  separately,  and  then  (5)  the  rela- 
tions of  the  endothelial  cell,  in  its  various  phases,  to 
the  tubercle  bacillus  will  be  dealt  with. 

In  early  infections  it  is  constantly  found  that  the 
endothelial  cells  of  the  affected  area  become  swollen. 
This  change  must  be  attributed  to  some  diffusible 
irritant  associated  with  the  presence  of  bacilli  ;  it  is 
not  confined  to  the  endothelial  cells  with  which  bacilli 
are  actually  in  contact. 

Swollen  endothelial  cells  often  become  detached  and 
pass  into  the  fluid  contained  within  the  endothelial 
lining.  They  then  present  the  appearance  of  what  are 
sometimes  called  "  macrophages." 

It  is  a  marked  characteristic  of  the  tubercle  bacillus 
to  become  attached  to,  or  enter  within,  an  endothelial 
cell  ;  hence  these  cells,  becoming  detached  and  circu- 
lating in  the  lymph  and  blood  streams,  form  an 
important  vehicle  for  the  conveyance  of  tubercle 
bacilli. 

In  the  process  of  tubercle  formition,  swollen  endo- 
thelial cells  often  lose  their  continuity  with  an 
endotheliil  lining  and  are  at  the  same  time  cut  off 
from  access  to  the  lymph  or  blood-stream.  They 
then  present  the  appearance  of  what  are  sometimes 
termed  ''epithelioid  "  cells. 

Associated  with  the  swelling  up  of  those  endothelial 
cells  which  are  in  direct  contact  with  bacilli,  there  are 
changes  in  the  nucleus.  The  nucleus  generally  stains 
more  darkly  than  the  normal,  and  the  material  taking 
this  stain  often  stains  diffusely  and  tends  to  escape 
into  the  surrounding  protoplasm.  These  changes 
form  noticeable  features  in  sections  of  tissue  contain- 
ing very  early  lesions  ;  they  present  the  appearance  of 
minute  foci  wherein  the  excess  of  nuclear  stain  has 
not  been  properly  washed  out,  and  hence  can  be 
readily  discovered  in  searching  under  a  low  power  a 
piece  of  tissue  which  is  otherwise  normal. 

Whilst  these  nuclear  changes  are  going  on  there  is 
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also  to  be  observed  a  dissolution  of  continuity  in  the 
protoplasmic  outline  and  a  tendency  for  the  endothelial 
ptotoplasm  to  fuse  with  the  protoplasm  of  contiguous 
parenchymatous  or  other  cells.  It  is  of  particular 
importance  to  note,  in  relation  to  the  part  played  by 
the  endothelial  cell  in  tubercle  formation,  that  at 
this  stage  the  endothelial  cell  begins  to  lose  its 
individuality. 

The  nuclei  of  these  altered  endothelial  cells  exhibit 
a  very  strongly  marked  tendency  to  multiply  by  direct 
division.  First  the  nucleus  exhibits  an  irregularity  of 
outline,  a  bulging  or  an  indentation  at  one  side  or  the 
other  ;  then  portions  of  nuclei  are  seen  to  be  partially 
split  off,  and  in  the  next  stage  a  bunch  of  nuclei,  each 
with  a  distinct  outline,  is  found.  This  nuclear  multi- 
plication, when  abundant,  contributes  largely,  though 
not  exclusively,  to  the  nuclei  of  what  are  termed 
"  giant  cells." 

In  the  early  stages  after  infection  I  have  found,  in 
addition  to  the  changes  above  noted,  that  some  of  the 
endothelial  cells  exhibit  regular  mitotic  figures  and 
divide  in  the  normal  fashion.  Bat  when  definite 
tubercles  are  developing,  the  eudothelial  cells  included 
within  these  lesions  do  not  exhibit  nuclear  mitoses. 
The  cells  at  the  periphery  of  the  lesions  usually 
contribute,  by  direct  division,  to  the  formation  of 
multinucleate  cell  masses  ;  but,  provided  that  they 
retain  their  protoplasmic  outline,  i.e.,  remain  indi- 
vidual cells,  they  may  divide  by  mitosis  and, 
preserving  their  character  as  endothelium,  contribute 
to  the  formation  of  new  capillary  channels. 
The  endothelial  cells  immediately  external  to  the 
periphery  of  the  tubercle  may  also  assist  in  the  process 
of  new  capillary  formation  ;  but  in  acute  lesions  they 
fail  to  proliferate,  and  in  retrogressive  lesions  they 
give  way  to  fibroid  change. 

Endothelial  cells,  I  have  observed,  readily  ingest 
tubercle  bacilli,  and  in  that  sense  are  highly  phago- 
cytic. But  the  cells  containing  bacilli  lose  their 
normal  morphological  structure,  and  it  does  not  appear 
likely  that  they  are  capable  of  returning  to  the  normal. 
In  these  altered  endothelial  cells  the  bacilli  may  perish, 
and  frequently  do  :  but  there  is  also  abundant  evi- 
dence that  the  bacillus  may  both  retain  its  vitality 
and  grow  in  these  situations.  I  also  find  that  it  is  a 
marked  characteristic  of  the  mammalian  tubercle 
bacillus  to  become  attached  to,  or  to  pass  within,  an 
endothelial  cell,  and  that  such  cells,  becoming  detached 
and  circulating  in  the  lymph  and  blood  streams,  form 
an  important  vehicle  for  the  conveyance  of  the  bacilli. 


I  have  found  that  cells  with  the  staining  characteris- 
tics of  Unna's  plasma  cells  are  almost  always  present 
in  tissues  infected  by  the  tubercle  bacillus.  Their 
presence  must  be  due  to  some  pathological  change 
associated  with  the  infection,  since  they  do  not  occur, 
or  only  occur  exceptionally  and  in  scanty  numbers,  in 
normal  specimens  taken  from  corresponding  tissues, 
such  as  the  lung,  liver,  kidney,  or  mammary  gland. 
Owing  to  the  difficulty  of  the  problem  regarding  the 
origin  and  nature  of  these  cells  and  their  relation  to 
certain  cells  found  in  lymphatic  glands  and  in  the  blood, 
I  find  that  the  simplest  plan  is  to  commence  with  the 
fact  that  certain  cells  give  a  characteristic  staining 
reaction,  to  call  these  cells  "  plasma  "  cells,  and  to 
note  their  relations  to  infected  areas.  And  as  cells 
with  similar  staining  properties  are  normally  present 
in  lymphatic  glands,  it  is  an  advantage  to  consider 
first  lesions  not  involving  lymphoid  tissue.  The 
differential  stain  which  I  employ  is  Pappenheim's 
combination  of  pyronin  and  methyl  green.  The  pro- 
toplasm of  the  plasma  cell  takes  up  a  definite  red 
stain,  in  contradistinction  to  the  protoplasm  of  the 
other  cells  present,  which  either  do  not  retain  the 
pyronin  stain  at  all  or  only  show  a  slight  trace  of  it. 
Morphologically  the  plasma  cell  presents  great  diversity. 
Sometimes  it  is  indistinguishable  from  an  ordinary 
large  lymphocyte  ;  it  is  often  compressed,  and  rect- 
angular in  outline  ;  it  not  unfrequently  has  tapering 
extremities  ;  and  it  is  very  often  characterised  by  the 
eccentric  position  of  its  nucleus. 

During  the  first  week  after  infection  plasma  cells 
are  sometimes  found  in  relation  to  tubercular  lesions 
but  are  relatively  scanty.  During  the  second  week 
they  form  a  much  more  conspiguous  element  and  tend 
to  aggregate  at  the  periphery  of  the  tubercles. 

In  later  stages  of  infection,  when  the  disease  is  of  an 


acute  type,  plasma  cells,  though  generally  demonstrable, 
rapidly  break  down  ;  they  are  more  readily  demon- 
strable at  the  periphery  of  lesions  but  do  not  form  a 
well  defined  zone.  In  less  severe  and  in  chronic  infec- 
tions the  plasma  cells  generally  form  a  conspicuous 
and  abundant  element  at  the  periphery  of  the 
tubercles.  I  have  also  observed  that  at  a  later  period 
if,  owing  to  the  mild  or  chronic  character  of  the. 
infection,  these  cells  retain  their  vitality,  they  again 
become  narrow  and  elongated  and  resolve  themselves 
into  fibro-blasts. 

I  find  that  plasma  cells  are  not  phagocytic  ;  they 
perish  when  brought  into  proximity  to  tubercle  bacilli.. 
They  do  not  form  giant  cells,  and  their  nuclei  rarely 
multiply  by  direct  division. 

Examining  tissues  showing  a  progressing  infiltration  ■ 
of  cells  derived  from  the  blood,  I  usually  find  that  the. 
blood-vessels  through  which  the  section  passes  contain 
such  cells  in  excess  of  the  normal.  This  is  the  case, 
for  example,  in  leucocytic  infiltrations,  unless  the 
tissues  happen  to  be  removed  at  a  time  when  the 
process  of  immigration  is  not  active.  But  in  examin- 
ing sections  showing  various  stages  in  the  appearance 
of  plasma  cells,  it  seems  to  me  a  significant  fact  that 
at  no  stage  is  it  found  that  cells  which  could  possibly 
be  mistaken  for  plasma  cells  are  at  all  numerous  in 
the  blood-channels.  The  only  cells  not  distinguish- 
able with  certainty  from  plasma  cells  are  the  large 
lymphocytes.  These  latter  cells  are  sometimes  to  be 
found  in  vessels  permeating  tissues  where  plasma  cells 
are  demonstrable,  but  the  number  of  such  lymphocytes 
is  so  small,  and  the  association  of  their  presence  with 
the  occurrence  of  plasma  cells  in  the  tissues  is  so 
inconstant,  that  it  seems  to  me  extremely  unlikely 
that  the  latter  cells  have  been  conveyed  by  the  blood- 
stream. I  have  observed  another  very  strong  piece  of 
evidence  in  favour  of  the  local  origin  of  the  plasma 
cell.  Whenever  these  cells  are  at  all  numerous, 
especially  in  the  case  of  developing  lesions,  some  of 
them,  and  frequently  a  considerable  number  of  them, 
show  nuclear  mitoses.  The  very  early  appearance  of 
plasma  cells  in  the  connective  tissue  spaces  in  prox- 
imity to  a  newly  formed  lesion  is  also  suggestive  that 
these  situations  are  the  sites  of  their  origin. 

It  therefore  appears  from  my  investigations  that 
plasma  cells  are  not  derived  from  the  blood,  but 
originate  from  cells  normally  present  in  the  connective 
tissues,  particularly  at  the  periphery  of  vessels  and 
bronchioles  and  in  the  septa  between  the  parenchy- 
matous cells  of  various  organs.  The  diffusible  irritant 
caused  by  the  action  of  the  tubercle  bacillus  upon  the 
tissues  stimulates  these  cells  and  sets  up  changes  in 
them  whereby  they  respond  to  the  differential  staining 
reaction  of  plasma  cells.  The  cells  so  stimulated  ex- 
pand, change  from  an  elongated  or  irregular  to  a  more 
or  less  spherical  form,  very  frequently  multiply  by 
indirect  division,  and  migrate  towards  the  periphery  of 
the  tubercular  focus. 

In  association  with  the  lesions  found  in  infected 
lymphatic  glands,  cells  are  found  which  are  in  every 
respect  identical  with  the  plasma  cells  found  in 
tubercles  occurring  in  other  organs  ;  and  as  regards 
the  variations  in  the  numbers,  morphology,  and 
relationships  of  these  cells  in  accordance  with  the 
severity  of  the  lesions,  I  find  that  lyinpathic  glands 
show  a  correspondence  with  other  organs.  In  the 
lymph  glands,  as  elsewhere,  I  have  found  evidence  that 
the  cells  in  question  are  produced  in  situ,  and  have 
particularly  noted  that  many  of  them  show  mitotic 
figures  when  present  in  association  with  developing 
lesions.  But  owing  to  the  fact  that  the  large  lym- 
phocyte normally  found  in  the  lymphatic  gland  takes 
the  characteristic  staining  reaction  of  the  plasma  cell, 
it  is  impossible  in  such  tissue  to  decide  whether  any 
particular  cells  resembling  large  lymphocytes  are  or 
are  not  cells  capable  of  developing  the  variations  in 
morphology  which  are  typical  of  plasma  cells. 


In  endeavouring  to  follow  the  fate  of  epithelial 
cells  I  have  found  the  same  difficulty  as  with  endo- 
thelial cells.  In  particular  tissues  where  pathological 
change  has  set  in  it  has  often  been  impossible  to  say 
what  cells  were  epithelial  orginally  and  what  were  not. 
But  the  examination  and  comparison  of  a  large 
number  of  specimens,  including  early  lesions,  enables 
me  to  say  something  about  what  happens  to  the 
epithelial  cell. 
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In  early  infections  of  the  lungs  the  first  change 
[noted  is  a  localised  swelling  up  of  the  pulmonary 
[epithelium,  and  when  the  infection  is  severe  this 
change  is  rapidly  followed  by  desquamation.  The 
epithelial  cells  sometimes  show  mitotic  figures,  but 
much  more  frequently  their  nuclei  divide  by  direct 
division.  In  the  stage  preceding  caseation  their  proto- 
plasm loses  its  outline  and  fuses  with  the  protoplasm 
of  adjacent  cells,  endothelial  or  epithelial.  There  is 
then  found  a  multinucleate  mass  of  protoplasm  in 
which  it  is  no  longer  possible  to  identify  the  epithe- 
lial element.  But  at  the  periphery  of  such  an  area 
swollen,  distorted,  and  faintly  outlined  epithelial  cells 
often  survive  and  are  then  usually  termed  "  epithe- 
lioid." In  highly  acute  infections,  however,  the 
swelling  up,  desquamation,  and  disintegration  of  the 
epithelial  cells  follow  one  another  in  such  rapid  suc- 
cession that  the  general  appearance  is  that  of  diffuse 
progressive  necrosis  without  any  arrangement  of  cells 
or  cell  masses  into  distinct  tubercles.  In  later  lesions 
of  a  definitely  retrogressive  type  the  epithelial  element 
has  completely  disappeared  ;  but  in  the  circumscribed, 
progerssive  tubercle  desquamated  epithelial  cells  are 
generally  conspicuous  in  the  alveoli  adjacent  to  the 
lesion.  The  pulmonary  epithelial  cell  readily  ingests 
tubercl,';  bacilli  and  appears  to  be  a  site  favourable  for 
their  multiplication. 

In  specimens  of  liver  examined  after  very  re- 
cent infection  tubercle  bacilli  are  occasionally  found 
in  parenchymatous  cells  histologically  normal.  But 
it  is  the  general  rule  that  the  presence  of  a 
tubercle  bacillus  almost  immediately  damages  the 
protoplasm  of  a  liver  cell  and  causes  distortion 
and  irregular  staining  of  the  nucleus.  The  cells 
then  lose  the  continuity  of  their  protoplasmic  out- 
line and  their  nuclei  begin  to  segment  by  direct 
division.  There  is  then  found  a  confusion  of  nuclei 
in  protoplasmic  material,  and  it  is  often  impossible  to 
say  how  much  of  this  material  originates  from  the 
liver  cells  and  how  much  from  the  surrounding  endo- 
thelium. It  is  however  clear,  in  following  up  the 
development  of  early  lesions,  that  the  liver  cells  con- 
tribute a  considerable  share  both  to  the  prot  oplasm  and 
to  the  newly  formed  nuclei  of  the  resultant  tubercle. 

Both  in  the  kidney  and  in  the  mammary  gland  the 
epithelial  cells  rapidly  degenerate  when  tubercle 
formation  commences  ;  they  contribute  to  the  caseous 
element,  but  their  nuclei  rarely  show  signs  of  multi- 
plication. 


Ill  addition  to  the  wandering  cells  already  alluded  to, 
I  must  refer  to  my  observations  on  the  large  lym- 
phocyte or  hyaline  cell  which  is  found,  normally,  both 
in  lympathic  tissue  and  in  the  circulation. 

In  specimens  stained  by  Pappenheim's  method  the 
protoplasm  of  the  large  lymphocyte  or  hyaline  cell 
takes  up  the  pyronin  stain.  In  the  lymphatic  glands 
these  cells  generally  take  a  strong  protoplasmic  stain  ; 
when  found  within  sections  of  blood-vessels  they  stain 
less  deeply.  In  the  lymphatic  glands  these  cells  rapidly 
disappear  from  sites  where  bacilli  are  present  ;  they  are 
not  phagocytic  and  cannot  survive  in  close  contact  with 
bacilli  ;  bacilli  are  only  found  in  contact  with  them  or 
within  them  when  the  cells  are  breaking  down.  When 
found  in  the  blood-vessels  these  cells  do  not  contain 
bacilli.  Amongst  the  wandering  cells  which  make 
their  appearance  in  the  tissues  when  tubercles  are  in 
process  of  development  some  of  these  large  lympho- 
cytes which  have  escaped  from  the  blood-vessels  may 
occur  :  but  only  a  small  number  of  these  cells  are 
found  in  the  circulation,  and  there  is  no  evidence  that 
many  of  the  cells  derived  from  this  source  have 
emigrated  into  the  tissues  surrounding  tubercles. 
When  present,  their  staining  reaction  does  not  distin- 
guish them  with  certainty  from  the  plasma  cells,  which 
are  of  local  origin  ;  but  as  regards  their  relations  to 
tubercles  and  tubercle  bacilli,  what  has  been  said  of 
plasma  cells  applies  to  all  cells  reacting  to  Pappen- 
heim's stain,  and  therefore  includes  these  cells.  They 
do  not  play  an  active  part  in  tubercle  formation  and 
do  not  ingest  bacilli.  These  lymphocytes  are  to  be 
distinguished  from  the  large  mononuclear  wandering 
cells  which  do  not  take  up  the  pyronin  stain  by 
Pappenheim's  method,  and  are  actively  phagocytic. 
The  latter  cells  are  of  endothelial  origin. 
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I  have  also  paid  attention  to  the  relations  of  lesions 
produced  by  the  tubercle  bacillus  to  compact  fibrous 
tissue,  loose  connective  tissue,  and  elastic  tissue. 

Compact  fibrous  tissue  is  not  readily  attacked  by 
tubercle  bacilli,  but  forms  an  important  barrier  against 
dissemination.  This  is  well  illustrated  by  the  fibrous 
septa  of  the  udder,  in  mammary  tuberculosis.  Similarly 
the  newly  developed  fibrous  tissue,  of  the  adult  type, 
which  is  found  at  the  margin  of  retrogressive  tubercles, 
affords  strong  evidence  that  the  expansion  of  the  lesion 
has  ))een  arrested.  But  in  acute  infections  the  natural 
barriers  of  pre  existing  fibrous  tissue  are  gradually 
worn  away  and  break  down. 

Loose  connective  tissue  exhibits  much  more  active 
change.  At  a  very  early  stage  in  the  infection  the 
connective  tissue  corpuscles  swell  up  and  show  signs  of 
nuclear  division  by  mitosis.  New  corpuscles  are  formed, 
but  when  this  stage  has  been  reached  it  is  generally  im- 
possible to  distinguish  these  cells  with  certainty  from 
cells  of  endothelial  origin,  as  the  latter  are  also  under- 
going active  change.  When  thess  new  connective 
tissue  corpuscles  degenerate  pi-oljably  many  of  them 
share  the  same  fate  as  the  endothelial  cells,  i.e.  their 
nuclei  divide  by  amitosis  without  corresponding 
division  of  the  protoplasm  ;  multinucleate  cells  are  thus 
formed,  and  eventually  giant  cells.  When  the  infection 
arrives  at  a  retrogressive  stage  the  young  connective 
tissue  corpuscles  which  have  survived  without  degenera- 
ting tend  to  form  fibrous  tissue  of  the  adult  type. 

The  swollen  connective  tissue  corpuscle  very 
commonly  contains  bacilli,  and  frequently  intra- 
cellular bacilli  are  found  in  large  numbers.  In  this 
sense  it  may  l)e  said  to  he  phagocytic  ;  but  it  appears 
rather  that  the  bacilli  often  find  in  this  type  of  cell  a 
favourable  site  in  which  to  multiply,  and  may  succeed 
in  multiplying  without  causing  the  cell  to  lose  the 
continuity  of  its  protoplasmic  outline. 

In  lesions  of  an  acute  type  the  normal  elastic 
tissue,  as  demonstrated  l)y  Unna's  orcein  method, 
gradually  becomes  eroded  and  disappears,  but  its 
disappearance  is  not  so  rapid  as  that  of  the  cellular 
constituents.  In  the  lungs,  for  example,  it  is  often 
possible  to  trace  the  outlines  of  alveoli  in  consolidated 
and  degenerating  patches  by  means  of  the  threads  of 
elastic  tissue  which  survive.  In  less  acute  lesions 
there  is  also  a  gradual  disappearance  of  the  elastic 
elements.  Neither  in  acute  nor  in  chronic  lesions  have 
I  found  any  signs  of  new  formation  of  elastic  fibres. 
It  is  noticeable,  more  particularly  in  the  chronic, 
caseating  lesions,  that  more  elastic  Qhves,  have  survived 
at  the  periphery  than  at  the  centre  ;  and  in  an  ex- 
panding lesion,  e.;/.  in  the  lungs,  it  is  natural  to  expect 
that  the  compressed  or  collapsed  tissue  at  the  periphery 
should  show  these  elements  in  relatively  large  amount. 
In  the  tubercular  outgrowths  which  develop  on  the 
surface  of  the  pulmonary  pleura  the  absence  of  elastic 
elements  in  the  lesions  is  in  marked  contrast  to  the 
elastic  lining  of  the  pleura  and  the  elastic  network  in 
the  subjacent  lung  tissue. 


A'jother  important  aspect  of  the  lesions  which  I 
havs  studied  is  the  relation  of  the  infective  processes 
to  vascular  degeneration  and  growth.  I  find  that 
the  vascular  channels  originally  present  tend  to  de- 
generate when  they  become  involved  in  a  tubercular 
focus.  This  degeneration  often  proceeds  rapidly,  the 
consequence  being  that  tubercles  are  very  frequently 
found  in  which  all  vascular  channels  have  entirely 
disappeared.  But  my  observations  do  not  justify  the 
broader  generalisation  that  the  tubercle  is  essentially 
a  non-vascular  structure.  Within  both  slowly  pro- 
gressive and  rapidly  progressive  lesions  patent 
vessels,  including  capillaries,  are  often  found  ;  and 
capillaries  are  often  found  where  the  walls  are 
just  on  the  point  of  giving  way  and  allowing  access 
to  the  bacilli  contained  in  the  surrounding  tissue. 
The  relatively  late  survival  and  subsequent  disrup- 
tion of  vascular  channels  in  infected  areas  are 
features  which  favour  the  dissemination  of  infective 
material. 

The  outer  coats  of  the  larger  vessels  are  often  found 
to  be  greatly  thickened,  and  another  change  is  occa- 
sionally noted,  the  development  of  tubercles  in  their 
endothelial  lining.  These  tubercles  break  down,  as 
caseation  advances,  and  discharge  their  contents, 
including  bacilli,  into  the  circulation. 

New  capillaries  are  formed,  or  tend  to  be  formed, 
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from  pre-existing  endothelial  cells  or  young  connective 
tissue  corpuscles,  wherever  there  is  proliferation  of 
these  elements  in  the  normal  way.  With  the  excep- 
tion of  the  two  extremes,  the  completely  quiescent 
lesion  where  there  is  no  tissue  activity  and  the  acute 
lesion  where  all  the  cells  are  breaking  down,  there  is 
the  possibility  that  the  infected  areas  may  show  some 
attempt  at  new  capillary  formation.  In  many  of  these 
lesions,  however,  the  cells  capable  of  forming  endo- 
thelium do  not  show  a  normal  activity,  but  tend  to 
divide  amitotically,  and  generally  without  concomitant 
division  of  the  protoplasm  ;  the  cases  where  the 
infected  areas  contain  cells  of  the  type  which  pro- 
liferates into  normal  daughter  cells  are  less  frequent 
but  by  no  means  uncommon,  and  under  these  latter 
circumstances  columns  of  cells  forming  rudimentary 
capillaries  are  seen.  Tubercles  formed  in  loose  con- 
nective tissue  or  as  outgrowths  on  the  surface  of  the 
lungs  or  liver  provide  good  examples  of  the  free 
development  of  new  capillaries ;  the  development  of 
capillaries  at  the  periphery  of  compact  tubercles  is 
more  restricted  and  less  perfect. 


In  studying  cell  degenerations  I  have  observed  that 
in  sections  stained  for  fat,  there  may  be  found  a 
very  conspicuous  deposit  of  fat  globules  amongst  the 
cells  bordering  on  caseous  areas,  or  in  cells  at  the 
commencement  of  caseous  change.  Numerous  fat 
globules  are  also  found  lying  free  in  the  caseous 
material. 

Another  conspicuous  feature  of  many  of  my 
specimens  is  the  presence  of  multinucleate  cell 
masses.  I  have  observed  that  cells  of  all  kinds 
may  contribute  to  the  protoplasmic  matrix  of  a 
multinucleate  cell  mass,  and  their  nuclei  may 
be  found  embedded  in  this  material.  But  the 
nuclei  which  augment  the  nuclear  aggregation  by 
dividing  amitotically  are  derived  from  one  or  more  of 
a  smaller  number  of  cells.  The  nuclei  of  endothelial 
and  connective  tissue  cells  and  of  epithelial  cells,  par- 
ticularly epithelial  cells  of  the  lung  or  liver,  are  capable 
of  dividing  in  this  way  ;  but  I  have  not  observed  this 
process,  in  association  with  multinucleate  cell  forma- 
tion, in  plasma  cells,  large  lymphocytes,  small  lympho- 
cytes, or  oxyphil  leucocytes.  The  so-called  "  giant  " 
cell  is  merely  the  maximum  expression  or  the  most 
striking  example  of  this  tendency  to  form  a  multi- 
nucleate cell  mass.  The  general  or  fundamental 
process  is  a  tendency  to  cell  fusion,  with  a  concomitant 
loss  of  cell  individuality.  This  process  is  always  in 
operation  in  tubercle  formation  ;  the  formation  of  the 
giant  cell  is  merely  an  incident,  which  may  be  absent. 


For  the  purpose  of  studying  fibrin-formation  I  have 
stained  my  specimens  by  Kochel's  method,  and  in 
order  to  observe  the  relations  of  the  bacilli  to  the 
fibrinous  deposits  I  have  stained  the  sections  for 
bacilli  before  applying  the  fibrin  stain.  I  have  found 
that  deposits  of  fibrin  are  associated  with  acute  infec- 
tions. In  chronic  lesions  of  a  mild  or  i-etrogressive 
type  some  of  the  degenerative  products  may  not  be 
completely  decolourised  when  a  differential  stain  for 
fibrin  is  applied,  but  these  are  distinguishable  fr6m 
fibrin  filaments. 

In  calves  subcutaneously  inoculated  with  a  large 
dose  of  virulent  bacilli  the  lungs  do  not  show  fibrin  in 
very  early  stages  of  the  infection,  but  a  few  small 
deposits  can  be  found  in  14  days  (Calf  288).  In  the 
later  stages  of  acute  infection  in  the  bovine  after 
subcutaneous  inoculation,  deposits  of  fibrin  are  always 
formed,  and  in  specimens  illustrating  the  terminal 
stage  of  tbe  disease  both  old  and  recent  deposits  can 
generally  be  found  in  large  amount.  The  fibrin 
occurs  in  the  consolidated  areas  and  sometimes  in  the 
blood-vessels.  In  the  case  of  foci  where  necrotic 
change  has  commenced  the  fibrin  is  more  sharply  defined 
at  the  periphery  than  in  the  centre.  The  distribution 
of  the  fibrin  is  highly  irregular  ;  individual  alveoli 
and  groups  of  alveoli  are  often  filled  with  this  deposit 
whilst  the  adjacent  tissue  contains  none.  This  irregu- 
larity appears  to  be  a  characteristic  feature  of  the 
disease.  Tubercle  bacilli  are  always  found  in  associa- 
tion with  the  fibrinous  deposits,  but  on  the  other 
hand  the  presence  of  bacilli  is  not  always  associated 
with  fibrin.    In  the  acute  infections  produced  by 


subcutaneous  injection  of  50  mg.  the  duration  of  the 
experiments  varied  from  about  three  weeks  to  twelve 
weeks,  but  no  corresponding  difference  is  observable 
in  the  amount  of  fibrinous  deposit  found  in  the  lungs, 
or  in  its  character.  In  all  cases  both  old  and  recent 
deposits  can  generally  be  found.  In  Calf  787,  for 
example,  which  died  at  an  unusually  late  date  (81  days 
after  inoculation)  many  of  the  fibrin  filaments  are 
delicate  and  evidently  of  recent  origin.  It  seems 
clear,  therefore,  that  fibrin  formation  is  not  a  single 
event  but  occurs  piecemeal  at  different  periods 
throughout  the  later  stages  of  acute  infection.  In  acute 
lesions  of  the  lungs  following  subcutaneous  inocu- 
lation with  tissue  emulsions,  where  the  dose  of  bacilli 
was  much  smaller  than  in  the  culture  inoculations, 
fibrin  formation  takes  place  in  the  same  way  as  where 
large  doses  have  been  inoculated.  In  many  instances 
strains  of  bacilli,  found  to  be  of  low  virulence  when 
inoculated  subcutaneously,  have  been  found,  when 
introduced  intravenously,  to  produce  death  in  calves 
during  the  third  or  fourth  week.  In  these  cases, 
though  the  lungs  contain  very  large  numbers  of  bacilli, 
little  or  no  fibrin  is  present  as  a  rule,  but  exceptions 
have  been  found. 

In  the  case  of  monkeys,  which  are  more  highly 
susceptible  than  bovines,  where  the  lungs  are  severely 
affected  fibrin  is  frequently  found,  but  not  invariably. 
It  is  absent  in  some  of  the  very  severe  cases,  and  it 
appears  as  though  a  very  high  toxicity  of  the  bacillus 
may  be  accompanied  by  an  absence  of  fibrin  for- 
mation. 

In  lymphatic  glands  infected  with  virulent  bacilli 
fibrin  very  soon  appears.  It  may  be  found  at  the  end 
of  the  first  week,  and  at  later  periods  is  almost  con- 
stantly met  with  in  association  with  lesions  of  the 
acute  type  where  bacilli  are  at  all  numerous.  The 
deposits  of  fibrin  are  localised  and  are  confined  to 
areas  where  bacilli  are  present.  When  a  gland  contains 
early  disseminated  foci  the  fibrin  stain  picks  out  these 
lesions  very  sharply.  As  the  lesions  advance,  succes- 
sive deposits  of  fibrin  appear  at  the  peripheral  areas 
and  the  earlier  deposits  become  blurred  and  stain  less 
deeply. 

In  the  liver  acute  infection  is  usually  associated 
with  fibrin  formation.  The  fibrin  makes  its  first 
appearance  at  an  early  stage  and  may  be  found  in  very 
small  lesions,  but  is  not  usually  formed  until  the  cells 
show  definite  signs  of  breaking  down. 

In  the  kidneys  fibrin  formation  occurs  much  less 
frequently.  The  lesions  in  these  organs  generally 
commence  as  an  infiltration  of  the  inter  tubular  tissue, 
and  at  this  stage  deposits  of  fibrin  are  rarely  found. 
When  larger  and  definitely  caseous  tubercles  are 
present,  occasionally,  but  not  very  frequently,  there  is 
a  scanty  deposit  of  fibrin  at  their  periphery. 

In  the  cow's  udder,  when  acutely  infected,  fibrin 
formation  is  abundant  and  commences  at  an  early 
stage.  It  spreads  along  the  intertubular  tissue  in 
association  with  the  advance  of  the  bacilli. 


The  following  is  a  summary  of  my  observations  on 
caseation  and  calcification. 

When  cells  are  in  contact  with  tubercle  bacilli  or  con- 
tain them,  they  usually  break  down.  Some  cells,  notably 
finely  granular  oxyphil  leucocytes,  invariably  break 
down  when  they  contain  tubercle  bacilli.  Breaking  down 
cells,  under  these  conditions,  appear  to  liberate  material 
which  attracts  a  fresh  supply  of  leucocytes  ;  and,  unless 
the  lesion  is  slight  and  on  the  road  to  healing,  the  new 
arrivals  speedily  disintegrate.  At  this  stage  there  is 
caseation. 

It  seems  possible  that  the  ferments  released  by  the 
disintegrating  leucocytes  may,  when  associated  with 
tbe  toxins  released  from  disintegrated  tubercle  bacilli, 
assist  in  the  formation  of  caseous  materinl.  The 
living  tubercle  bacillus  alone  does  not  necessarily 
produce  caseation.  In  the  tissues  of  some  resis- 
tant animals,  such  as  the  rat,  tubercle  bacilli  may 
be  present  in  enormous  numbers,  many  of  them  intra- 
cellular, without  causing  any  caseous  change.  And  in 
animals  such  as  the  calf,  where  caseation  usually  follows 
deposits  of  numerous  bacilli,  this  condition  may,  under 
some  circumstances,  be  absent.  After  intravenous 
inoculation,  terminating  fatally,  with  some  strains  of 
human  bacilli,  the  lungs  may  be  swarming  with  bacilli 
without  showing  caseous  degeneration.  And  some- 
times in  bovines  inoculated  with  bovine  bacilli,  it  is 
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found  that  the  oi'ganisms  have  multiplied  very  abun- 
dantly in  areas  showing  no  caseous  change.  In  non- 
caseous  tissues  containiijg  numerous  bacilli  leucocytes 
are  often  scanty  ;  but  where  caseation  is  present 
leucocytes  are  usually  found,  and  there  is  generally  a 
mass  fof  broken  up  nuclear  material  which  is  derived 
from  these  cells.  And  local  lesions,  where  caseation 
takes  place  very  rapidly,  contain  in  the  initial  stages 
enormous  numbers  of  leucocytes. 

Caseation  may  follow  the  inoculation  of  dead  bacilli. 
In  the  lungs  of  Rabbit  488,  for  example,  there  are 
typical  caseous  tubercles  containing  deposits  of  the 
inoculated  material  (dead  culture)  in  the  centre 
Here  ai;ain  the  lesions  contain  very  large  numbers  of 
oxyphil  leucocytes  and  the  remains  of  tbese  cells.  An 
interesting  feature  of  this  specimen  is  that  the  dis- 
integrating bacilli  are  surrounded  with  material  which 
stains  strongly  with  eosin  but  is  not  acid-fast.  At 
the  periphery  of  clumps  of  bacilli  this  material  pre- 
sents a  radial  arrangement  of  club-shaped  deposits 
strongly  suggestive  of  a  mycelium. 

The  occurrence  of  calcification  is  not  necessarily  a 
sign  that  a  retrogressive  stage  has  been  reached,  either 
in  the  disease  generally  or  in  the  particular  lesions 
concerned.  In  the  bovine,  calcification  of  the  central 
parts  of  caseous  tubercles  sets  in  very  rapidly  and 
is  often  found  where  the  disease  is  actively  pro- 
gressive.  It  is  also  worth  noting  that  bacilli  may 
sometimes  be  found  in  the  midst  of  calcareous 
deposits,  and  occisionally  they  are  more  numerous 
in  the  calcareous  centre  of  a  tubercle  than  in  the 
surrounding  caseous  zone. 


Putting  together  briefly  the  results  of  my  observa- 
tions on  the  processes  of  tubercle  formation  in  the 
tissues  which  I  have  examined,  I  may  state  them  as 
follows  : — 

The  first  s^ep  in  tuberc'e  formation  is  the  penetra- 
tion of  an  endothelial  surface  by  a  tubercle  bacillus. 
Changes  then  occur  in  the  endothelial  cell.  Its  pro- 
toplasm becomes  swollen  ;  the  nucleus  stains  more 
deeply,  allows  some  escape  of  chromatin  into  the 
protoplasm,  and  shows  a  tendency  to  multiply  by 
direct  division.  These  changes  vary  in  amount, 
according  to  the  degree  of  local  irritation  which  the 
individual  cell  experiences.  The  fixed  tissue  cells 
upon  which  the  endothelial  cells  rest  are  also  affected  ; 
their  protoplasm  fuses  with  that  of  the  adjacent 
endothelial  cells  and  is  occupied  by  bacilli,  whilst  their 
nuclei  assume  irregular  shapes  and  often  multiply  by 
direct  division.  There  is  then  a  progressive  loss  of 
cellular  individuality.  The  focus  which  the'  bacilli 
have  penetrated  becomes  a  protoplasmic  matrix  con- 
taining nuclei ;  it  no  longer  behaves  like  a  collection 
of  discrete  cells,  and  it  never  subsequently  returns  to 
that  condition.  The  nuclei  may,  for  a  tiine,  continue 
to  multiply  by  direct  division,  but  the  protoplasmic 
matrix  never  becomes  differentiated  into  a  structure 
composed  of  individual  cells  ;  its  usual  fate  is  to 
caseate. 

These  are  the  changes  which  have  appeared  to  me 
typical  of  tubercle  formation.  They  are  accompanied 
by  accessory  changes  due  to  irritant  or  inflammatory 
effects.  The  first  and  most  noticeable  of  these 
secondary  effects  is  the  attraction  of  finely  granular 
oxyphil  leucocytes  to  the  site  of  injury.  These  cells 
invariably  break  down  when  they  come  into  close 
proximity  to  tubercle  bacilli,  and  their  disintegrated 
remains  form  a  large  constituent  of  the  caseous 
element  in  the  tubercle.  How  far  they  perform  a 
useful  function  is  less  clear.  It  is  at  all  events 
certain  in  the  tissues  I  have  examined  that  the  degree 
of  resistance  offered  by  the  animal  organism  is  in  no 
way  proportionate  to  the  amount  of  leucocytosis. 
The  leucocytes  are  attracted  just  as  copiously  to  the 
acutely  progressive  lesions  as  they  are  to  lesions  of  a 


less  sjvere  character.  There  is,  however,  a  difference 
in  the  result.  The  leucocytes  which  make  their  way 
into  a  chronic  lesion  preserve  their  integrity  for  a 
ranch  longer  period  than  those  which  "liave  been 
attracted  to  an  acute  lesion. 

The  small  lymphocyte  is  also  constantly  found  at 
the  rnargin  of  lesions  in  all  stigesof  infection.  This 
cell  is  never  able  to  retain  its  vitality  in  situations 
where  active  disease  is  going  on,  but  it  accumulates  in 
lirge  numbers  at  the  periphery  of  the  more  chronic 
tubercles,  and  generally  fills  up  the  interior  of  lesions 
which  have  become  complete'y  quiescent,  no  longer 
contain  bacilli,  and  have  not  advanced  to  caseation. 

Then  there  is  a  further  series  of  accessory  changes 
which  appear  due  to  the  local  irritant  action  of  the 
tubercle  upon  the  surrounding  tissue,  and  consist  of 
the  reactions  of  this  tissue  in  the  directions  of  inflam- 
mation and  repair.  The  characteristic  features  of  the 
inflammatory  stage  are  the  swelling  up  of  the  endo- 
thelial and  connective  tissue  elements,  and  a  stimulus 
to  the  local  production  of  large,  mononuclear 
wandering  cel!s  (plasma  cells),  which  arise  from 
cells  normally  present  in  the  adjacent  connective 
tissue,  assume  a  spherical  form,  multiply  by  indirect 
division,  and  migrate  towards  the  inflamed  area. 
The  stage  of  repair,  or  attempted  repair,  is  char- 
acterised by  the  formation  of  new  endothelium  and 
new  fibrous  tissue.  The  new  endothelium,  arising 
frorn  pre-existing  endothelial  and  connective  tissue 
elements,  grows  partly  in  the  form  of  capillary  tubes 
and  partly  as  a  flattened  layer  which  forms  a  lining 
to  the  spaces  arising  in  the  newly  formed  tissue.  The 
new  fibrous  tissue  is  produced  from  the  plasma 
cells,  endothelial  cells,  and  connective  tissue  cells,  and 
forms  a  zone  at  the  periphery  of  the  inflamed  area. 

The  above  description  appears  to  me  to  contain  all 
the  essential  features  of  tubercle  formation.  Without 
introducing  the  terms  "epithelioid  cells"  and  "giant 
cell,"  it  contains  the  histological  facts  which  are 
commonly  designated  by  these  terms.  It  is  often 
convenient,  for  merely  descriptive  purposes,  to  use  the 
term  "  giant  cell "  as  a  brief  designation  of  a  con- 
tinuous mass  of  protoplasm  c  jntainiog  many  nuclei  ; 
and  I  see  no  harm  in  using  "epithelioid"  as  a  con- 
venient designation  for  any  group  of  cells  which  bears 
some  resemblance  to  epithelium  in  that  it  is  a  con- 
tinuous layer  campiosed  of  cells  with  a  large  amount 
of  protoplasm,  and  each  with  a  more  or  less  spherical 
nucleus.  The  danger  in  the  use  of  these  terms  is,  it 
appears  to  me,  that  it  often  implies  acceptance  of 
erroneous  theories.  The  "giant  cell,"  I  find,  has 
neither  independence  nor  any  other  characteristic  of 
individuality,  but  is  merely  a  degeneration  product. 
It  seems  particularly  absurd  to  call  it  a  "  macrophage," 
since  it  is  perfectly  helpless,  absolutely  non-motile, 
and  forms  one  of  the  commonest  sites  in  which  the 
tubercle  bacillus  survives  and  grows.  It  is,  I  think, 
equally  erroneous  to  assume  that  the  tubercle  bacillus 
is  endowed  with  the  capacity  of  producing,  in  some 
mysterious  way,  a  new  sort  of  cell  with  peculiar 
"epithelioid"  characteristics.  I  find  no  mystery 
about  those  cells  in  a  tubercle  which  "  look  like 
epithelium."  Some  of  them  simply  are  original 
epithelium  with  damaged  and,  in  consequence,  badly 
staining  protoplasm.  In  other  cases  they  are  new 
formations  ;  they  then  consist  of  endothelium  which 
has  grown  as  a  covering  over  the  walls  of  newly  formed 
tissue  spaces. 

The  pathogenic  peculiarities  of  the  mammalian 
tubercle  bacilli  which  I  have  investigated  consist 
in  (1)  their  slowly  toxic  action  upon  cell  protoplasm, 
and  (2)  their  irritant  action  upon  cell  nuclei.  (1) 
leads  to  caseous  degeneration,  a  process  for  which  the 
products  of  disintegrated  bacilli  are  probably  to  a 
large  extent  responsible  ;  (2)  leads  to  the  splitting  up 
of  the  nuclei  by  direct  division,  a  process  which  may 
continue  as  long  as  the  nuclei  are  able  to  derive  any 
nutriment  from  the  damaged  protoplasm. 
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B.— The  General  Results  of  the  Infection  of  Fowls  by  Mammalian  Tubercle  Bacilli. 

The  following  is  a  brief  outline  of  my  observations  on  this  subject ;  the  details  have  been  recorded 
in  previous  pages  of  the  present  volume. 

Dissemination  of  Bacilli. 


After  Feeding. 

Y,  After  this  mode  of  infection  no  evidence  of  dis- 
semination has  been  found  in  the  specimens  examine  i. 

After  Subcutaneous  or  Intraperitoneal  Inoculation. 
As  a  rule  no  evidence  of  dissemination  is  found. 


In  the  case  of  Fowl  186,  inoculated  intraperitoneally, 
I  have  found  numerous  bacilli  in  a  cervical  gland. 

After  Intravenous  Inoculation. 

In  some  cases  the  bacilli  have  completely  dis- 
appeared, but  more  frequently  they  can  be  found  in 
one  or  more  of  the  organs.  The  following  table 
illustrates  the  amount  of  dissemination  found  in  the 
specimens  I  have  examined  : — 


DISSEMINATION  OF  MAMMALIAN  BACILLI  IN  THE  FOWL  AFTER  INTRAVENOUS  INJECTION. 


Duration  of 

Experiment 
in  Days. 

Virus. 

Dose. 

Number 
of 

Animal. 

Presence  or  Absence  of  Bacilli  in  Various  Organs. 

Lungs. 

Liver. 

Kidneys. 

Spleen. 

11 

B  XXVI. 

10  mg. 

458 

Many  large  groups 

Many  small 
deposits. 

Rare 

Scanty. 

12 

XI  OO.  U.Il. 

50  mg. 

91 

Many  small  groups 

Numerous  small 
groups. 

A  few  small 
groups. 

Numerous  small 
groups. 

14 

H53.  D.H. 

10  mg. 

19 

Many  small  groups 

Numerous  small 

A  few  small 

Numerous  small 

19 

B  XXVL 

6mg. 

338 

Numerous 

Moderate  num- 
bers ;  many 

fvo  rr>v»  curt  4"o  fiT 

1 1  oig  ill  oil  uctry  ( 

Rare 

Many  small 
deposits. 

20 

BIV. 

10  mg. 

420 

vjrfcJlicictllj'  uiDUXl- 

buted  in  moderate 
numbers. 

Ol./tHi  by 

— Ti^ — 

lOVJtlXlty . 

21 

BIV. 

10  mg. 

414 

Many  minute  foci 
containing  numer- 

(JUS  UtXC'llll. 

Many  minute  foci, 
each  containing 
several  bacillit 

Absent 

Fairly  numerous. 

27 

B  XXVI. 

10  mg. 

412 

yjrxixiKiLcLiiy  tiiatiJ," 

butecl  in  moderate 

IX  UUIUUI  Or 

M^any  small  foci, 
each  containing  a 

T  OTsr  rAQ      1 1 1 

V  tJX  y  LdiLG 

Many  caseous  foci, 
each  containing 
a  few  bacilli. 

30 

H107  H.H. 

10  mg. 

143 

Many  small  foci, 
each  containing 

COTTOVQl    V\Q        1  1 1 

Many  small 
deposits. 

A  few 

Many  small 
deposits. 

35 

BIX. 

20  mg. 
of  dead 
bacilli. 

492 

Many  caseous 
numerous  bacilli. 

Very  rare 

Very  rare 

Very  rare. 

35 

E  I. 

10  mg. 
of  dead 
bacilli. 

490 

Many  fragments 

Very  rare 

Absent 

Very  rare. 

37 

20  mg. 

Fairly  numerous ; 
fragments. 

Rather  scanty  ; 
fragments. 

Rare 

Fairly  numerous  ; 
fragments. 

40 

H  115.  N.Gr. 

luu  mg. 
of  deaA 
bacilli. 

loo 

Many  small 
deposits. 

Scanty 

Absent 

Distributed 
throughout  in 
scanty  numbers. 

51 

H81.  P.W. 

40  mg. 

131 

Absent 

Absent 

Absent 

Absent. 

53 

B  XXVI. 

10  mg. 

82 

Many  large  groups 

Rare 

A  few  small 
groups. 

Scanty  ;  many 
fragments. 

59 

EIV. 

20  mg. 

136 

Fairly  numerous 

Many  small 
groups. 

Absent 

Numerous. 

90 

H68.  R.B. 

10  mg. 

15 

Absent 

Absent 

Absent 

A  few  fragments. 

90 

H68.  R.E. 

50  mg. 

16 

Absent 

Absent 

Absent 

A  few  fragments. 

98 

EIV. 

1  mg. 

134 

A  few  groups  ; 
fragments. 

Many  small 
groups  ;  frag- 
ments. 

Rare 

A  few  fragments. 

102 

B  XXVI. 

1  mg. 

80 

Many  large  groups 

Rare 

Absent 

Scanty ;  many 
fragments. 

103 

P  XLI. 

15  mg. 

128 

Absent 

Absent 

Absent 

Absent. 

115 

EIII. 

1  mg. 

154 

Absent 

Fairly  numerous 

Absent 

Fairly  numerous. 

121 

H49.  T.C. 

50  mg.  ' 

37 

2  T.B. 

Absent 

Absent 

Absent. 
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Destruction,  Arrest,  and  Multiplication  of  Bacilli. 


The  above  table  indicates  that,  after  intravenous 
inoculation,  there  is  an  initial  distribution  of  bacilli 
in  each  of  the  four  organs  examined  ;  but  in  the 
majority  of  cases  the  bacUli  have  not  been  able  to 
survive  for  a  very  long  period,  and,  when  present, 
show  signs  of  disintegration.  Tn  the  lungs  of  Fowl  80 
and  in  the  liver  and  spleen  of  Fowl  154  the  bacilli 
have  survived  for  exceptionally  long  periods  ;  both 
these  animals  were  inoculated  with  viruses  of  high 
virulence  for  calves  and  other  mammals  (B  XXVI 
and  E  III).  Lengthy  exposure  to  the  high  tempera- 
ture of  the  fowl's  body  is,  therefore,  not  invariably 
fatal  to  the  bacillus. 

When  present  in  very  small  numbers  the  bacilli  do 
not  produce  any  noticeable  tissue  change,  but  they  are 
generally  in  contact  with,  or  within,  some  of  the  fixed 
tissue  cells  ;  they  are  not  found  in  the  circulation. 


When  they  occur  in  small  groups,  the  bacilli  usually 
cause  a  small  localised  patch  of  partial  necrosis  ;  if 
present  in  larger  numbers,  the  necrotic  area  is  more 
extensive  and  is  generally  surrounded  by  a  well 
marked  fibrous  zone.  Under  all  conditions,  therefore, 
there  is  a  marked  tendency  for  the  bacilli  to  be  per- 
manently detained  in  the  site  where  they  have  been 
deposiited. 

When  not  actually  broken  up  into  fragments,  the 
bacilli  often  show  no  deviation  from  the  serum-grown 
type  and  appear  to  be  unaltered  survivals  of  the 
material  inoculated.  But  in  some  cases  they  show 
definite  signs  of  proliferation,  e.q.,  in  the  lungs  of 
Fowls  80,  82,  and  458,  and  in  the  livers  and  spleens  of 
Fowls  19  and  21. 

The  inoculation  of  dead  bacilli  produces,  in  some 
cases,  lesions  similar  to  those  caused  by  living  bacilli. 


Reaction  of  the  Tissue  Cells. 


Oxyphil  Leucocytes  and  Small  Lfjitiplwcyleii. 

In  Fowl  21,  which  died  12  days  after  intravenous 
inoculation  with  50  mg.,  the  lungs  contain  many 
deposits  of  bacilli  which  have  produced  patches  of 
slight  necrosis  ;  in  these  areas  oxyphil  leucocytes  are 
rarely  met  with,  but  throughout  the  rest  of  the  tissue 
they  are  largely  in  excess  of  the  normal  ;  small 
lymphocytes  are  also  generally  distributed  in  large 
numbers,  except  in  the  effected  areas.  In  the  liver, 
which  contains  numerous  small  groups  of  bacilli,  there 
is  a  general  infiltration  of  lymphocytes  and  leucocytes  ; 
this  infiltration  is  pirticularly  dense  at  the  periphery 
of  blood-vessels  ;  the  cells  do  not  appear  to  be  specially 
attracted  to  the  immediate  vicinity  of  the  bacilli,  but 
in  a  few  of  these  cells  bacilli  have  been  found.  In 
the  spleen,  where  bacilli  are  distributed  in  fairly  large 
numbers,  leucocytes  are  scanty. 

In  Fowl  19,  which  died  14  days  after  intravenous 
inoculation  with  10  mg.,  the  distribution  of  bacilli  is 
the  same  as  in  Fowl  21,  and  the  only  difference  noted 
with  regard  to  the  leucocytes  and  lymphocytes  is  that 
the  former  cells  are  less  numerous  both  in  the  lungs 
and  liver.  No  bacilli  have  been  found  within  leuco- 
cytes. 

In  Fowl  82,  which  died  53  days  after  intravenous 
inoculation  with  10  mg.,  the  lungs  contain  many 
caseous,  circumscribed  tubercles  in  which  bacilli  are 
plentiful  ;  at  the  periphery  of  these  lesions  oxyphil 
leucocytes  are  numerous,  and  masses  of  these  cells 
occur  "in  the  interior  of  some  of  the  tubercles  ;  .there 
is  a  moderate  sprinkling  of  small  lymphocytes  at  the 
periphery  of  the  lesions.  A  few  of  the  leucocytes 
contain  bacilli.  In  the  liver,  where  bacilli  are  rare, 
neither  lymphocytes  nor  leucocytes  are  numerous,  and 
these  cells  show  no  attraction  towards  tbe  bacilli.  At 
the  periphery  of  a  circumscribed  caseous  tubercle 
found  in  the  kidney  a  few  leucocytes  are  present,  but 
there  appears  to  be  no  infiltration  of  small  lympho- 
cytes. 

In  Fowl  136,  which  died  59  days  after  intravenous 
inoculation  with  20  mg.,  the  lungs  contain  many 
minute,  partially  necrotic  foci,  and  in  these  bacilli  are 
fairly  numerous  ;  the  liver  is  in  a  similar  condition. 
In  both  lungs  and  liver  leucocytes  and  lymphocytes 
are  not  greatly  in  excess  of  the  normal.  No  bacilli 
have  been  found  within  leucocytes. 

In  Fowl  80,  which  was  killed  102  days  after  intra- 
venous inoculation  with  1  mg.,  the  lungs  contain  many 
caseous  circumscribed  tubercles  where  bacilli  are 
numerous ;  both  leucocytes  and  lymphocytes  are 
rather  scanty,  but  some  are  present  at  the  periphery 
of  the  lesions.  No  bacilli  have  been  found  within 
leucocytes.    In  the  lesions  found  in  the  liver,  where 


bacilli  are  rare,  leucocytes  are  abundant  and  lympho- 
cytes are  fairly  numerous. 

In  F^owl  154,  which  was  killed  115  days  after  intra- 
venous inoculation  with  1  mg.,  the  liver  contains 
many  lesions  (some  of  them  caseous)  in  which  bacilli 
are  moderately  numerous.  Small  lymphocytes  are 
very  abundant  and  form  a  broad  periphery  round  the 
caseous  patches  ;  oxyphil  leucocytes  are  less  numerous 
but  occur  in  groups  heie  and  there,  showing  no  very 
close  relationship  to  the  bacilli.  No  bacilli  have  been 
found  within  leucocytes. 

Fla.ima  Cells. 

The  larger  lesions,  which  are  caseous  in  the  centre 
always  possess  a  well  marked  peripheral  zone,  and  in 
this  zone  fibroblasts  are  generally  numerous.  Amongst 
these  cells  there  is  often  a  sprinkling  of  plasma  cells, 
some  of  which  are  narrow  and  elongated.  The 
lungs  of  Fowls  80  and  82  afford  good  examples  of  this 
condition.  And  where  there  is  an  abundant  infiltration 
of  small  lymphocytes,  e.g.  in  the  livers  of  Fowls  21 
and  154,  many  cells  also  occur  which  react  to  Pappen- 
heim's  stain  ;  but  these  generally  resemble  large 
lymphocytes  and  are  less  frequently  of  the  com- 
pressed or  elongated  type.  With  the  small  lesions 
which  are  only  slightly  necrotic  and  have  no  definite 
boundary  zone  plasma  cells  are  not  associated.  These 
cells  are  also  absent  in  situation?  which  contain  bacilli 
but  show  no  evidence  of  tissue  destruction  or  pro- 
liferation. 

Endothelial  and  Parenchymatous  Cells. 

In  the  small  necrotic  or  partially  necrotic  foci  these 
cells  merely  show  degenerative  change.  In  the  larger 
lesions,  which  are  completely  necrotic  in  the  centre, 
the  cellular  zone  bordering  on  the  necrotic  material 
sometimes  contains  nuclei  in  process  of  amitotic 
division,  and  collections  of  nuclei  apparently  formed 
in  this  way  are  seen,  but  they  do  not  form  typical 
giant  cells.  The  cells  from  which  these  nuclei  have 
been  derived  are  probably  endothelial  or  parenchy- 
matous. The  lungs  of  Fowl  80  afford  good  examples 
of  aggregations  of  nuclei  surrounding  caseous  patches. 

Fibroblasts. 

There  is  a  well  marked  tendency  for  all  except  the 
smallest  caseous  patches  to  be  surrounded  by  a  com- 
plete and  dense  layer  of  fibroblasts.  The  greater 
number  of  these  cells  do  not  react  to  Pappenheim's 
stain  and  are  probably  derived  from  pre-existing  fibrous 
tissue. 


Evidence  of  dissemination  has  only  been  found, 
with  minor  exceptions,  after  intravenous  inoculation. 
After  this  method  of  infection  also  the  bacilli  some- 
times disappear  completely.  When  they  survive  they 
are  found  most  frequently  in  the  lungs  ;  here  they 
produce  discrete  tubercles,  in  the  breaking  down 
centres  of  which  the  bacilli  sometimes  appear  to  have 
multiplied  since  their  arrival.    In  the  liver  and  spleen 


minute  and  often  numerous  deposits  of  bacilli  are 
found  ;  but  the  bacilli  are  generally  fragmentary  ; 
they  have  not  been  found  to  show  definite  signs  of 
multiplication  in  these  organs. 

With  regard  to  the  tissue  cells  I  may,  for  the  sike 
of  avoiding  lengthy  repetition,  express  my  results  in 
connection  with  what  I  have  recorded  ori  a  later  page 
concerning  the  reaction  of  the  fowl's  tissues  to  the 
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avian  bacillus.  la  certain  respects  the  conditions 
are  the  same.  In  infections  with  mammalian 
bacilli,  no  new  features  of  importance  have  bean  noted 
regarding  the  relations  of  leucocytes,  lymphocytes, 
and  plasma  cells.  No  bacilli  have  been  found  within 
leucocytes.  Plasma  cells,  including  the  elongated 
forms,  are  sometimes  conspicuous  at  the  periphery  of 
the  lesions.  The  only  difference  noted  regarding  the 
endothelial  and  parenchymatous  cells  is  that  when 
these  cells  degenerate  and  lose  their  individuality 


their  nuclei,  though  showing  a  tendency  to  divide 
amitotically  do  not,  in  the  case  of  infection  with 
mammalian  bacilli,  multiply  so  abundantly  as  in  some 
of  the  chronic  lesions  produced  by  avian  bacilli. 
Where  the  mammalian  bacilli  have  produced  lesions  of 
any  considerable  size  there  is  always  formed  a  well 
marked  peripheral  zone  of  fibrous  tissue.  This  is  a  con- 
spicuous feature  in  the  lungs,  where  mammalian  bacilli 
produce  more  tissue  reaction  and  larger  lesions  than 
avian  bacilli. 


III.-THE  CULTURAL  AND  MICROSCOPIC   CHARACTERISTICS  OF  THE  AVIAN 

BACILLI. 


I  am  indebted  to  my  colleagues  for  the  primary 
cultures. 

In  order  to  obtain  good  growths  I  have  found  it 
necessary  to  employ  a  glycerinated  medium.  I  have 
used  glycerinated  serum,  agar,  potato,  and  broth,  and 
have  prepared  each  of  these  media  in  the  same  way 
as  for  the  growth  of  the  mammalian  bacillus. 

Regarding  cultural  characters,  I  have  found  that  the 
avian  bacillus  grows  well,  at  37i°  C,  on  glycerinated 
serum,  agar,  and  potato,  but  difEers  markedly  from 
the  mammalian  bacillus  in  the  slimy,  putty  like 
appearance  of  the  growth.  The  growth  on  potato 
generally  assumes  a  yellow  or  brown  pigmentation. 
When  the  bacilli  are  allowed  to  grow  down  a  sloped 
surface  of  glycerin-serum  on  to  a  layer  of  broth,  none 
of  the  viruses  which  I  have  examined  have  spread 
over  the  broth  in  the  form  of  a  surface  pellicle  ;  they 
have  fallen  down  to  the  bottom  of  the  flask  and  pro- 
duced a  powdery  growth  at  the  bottom  of  the  broth. 
But  I  have  found  in  some  instances  that,  by  keeping 
the  bacilli  in  contact  with  the  surface  of  the  broth  for 
a  long  time,  a  surface  pellicle  could  be  obtained. 

In  general  cultural  characteristics  I  have  observed 


no  differences  between  the  various  avian  viruses  which 
I  have  examined. 

I  have  also  investigated  the  microscopic  characters 
of  the  bacilli. 

In  films  obtained  from  cultures  it  is  noticeable  that 
the  avian  bacillus  emulsifies  readily  and  does  not 
present  the  solid  clumps  of  closely  adherent  bacilli 
which  are  characteristic  of  the  mimmalian  bacillus. 

The  bacilli  grown  on  glycerin-serum  are  generally 
very  short  ('5  to  1  jti)  and  rather  thick,  often  lookins 
like  cocci.  Other  media  commonly  yield  longer  and 
mor3  irregular  forms  ;  and  such  forms  are  also  some- 
times found  on  glycerin-serum.  Amongst  these 
irregularities  is  found  every  counterpart  to  the  irregu- 
larities observed  amongst  mammalian  bacilli  ;  and,  in 
addition,  large  club-shaped  thickenings  are  common 
and  branching  occurs  more  frequently  than  with  the 
mammalian  bacillus. 

When  growing  freely  in  the  tissues  the  avian  bacillus 
is  short,  straight,  and  uniformly  stained  ;  when  grow- 
ing under  difficulties  it  is  longer  and  more  irregularly 
stained  and  is  indistinguishable  from  mammalian 
bacilli  growing  under  similar  adverse  conditions. 


IV.-THE  HISTOLOGICAL  CHARACTERISTICS  OF   INFECTIONS  WITH  THE 

AVIAN  VIRUSES. 


A.-IN  FOWLS. 


Dissemination  of  Bacilli. 


After  Feeding. 

After  this  method  of  experimental  infection  very  few 
bacilli  are  found  in  the  lungs  and  sometimes  none  at  all ; 
occasionally,  though  no  bacilli  are  demonstrable,  a  few 
minute  lesions  are  found  which  may  be  attributable 
to  bacilli  formerly  present.  The  condition  of  the 
liver  varies  in  different  cases  ;  bacilli  may  be  absent  ; 
they  may  be  distributed  about  the  tissue  in  small 
numbers  ;  or  they  may  be  plentiful  and  form  small 
groups  and  colonies  ;  and  when  bacilli  are  scanty  there 
may  be  many  lesions  probably  attributable  to  bacilli 
which  have  disappeared.  No  bacilli  or  lesions 
suggestive  of  bacilli  have  been  found  in  the  kidneys. 
In  the  spleen,  bacilli  may  be  absent,  scanty,  or  fairly 
numerous  ;  and  caseous  lesions  may  be  present  which 
have  probably  been  caused  by  tubercle  bacilli  though 
none  are  demonstrable.  There  is  dense  thickening 
and  caseation  of  the  intestinal  walls,  wherein  bacilli 
are  frequently  numerous. 


After  Subcutaneous  Inoculation. 

In  the  lungs,  bacilli  may  be  absent,  scanty,  or 
abundant.  In  the  liver  they  are  usually  generally 
distributed  and  occur  in  large  numbers.  None  have 
been  found  in  the  kidneys,  but  in  one  specimen  there 
are  a  few  minute  lesions  which  may  have  been  caused 
by  tubercle  bacilli.    In  the  spleen,  bacilli  are  usually 


very  abundant,  and  sometimes  have  grown  into  dense 
masses  of  colonies. 

After  Intraperitoneal  Inoculation. 

The  fate  of  bacilli  introduced  by  this  method  appears 
to  be  uncertain.  In  Fowl  154  no  bacilli  were  found  in 
the  lungs  or  kidneys,  but  they  occurred  in  dense  masses 
in  the  liver  and  spleen.  In  Fowl  298  no  bacilli  were 
found  in  the  lungs,  liver,  kidneys,  or  spleen,  but  a  few 
small  foci,  possibly  due  to  tubercle  bacilli,  were 
observed  in  the  lungs  and  liver. 

After  Intravenoits  Inoculation. 

In  the  lungs  bacilli  are  always  numerous  and  some- 
times form  colonies  in  all  parts  of  the  tissue.  In  the 
liver  and  the  spleen  it  is  always  found  that  the  whole 
of  the  tissue  is  riddled  with  dense  masses  of  bacilli. 
The  kidneys  are  less  affected  than  any  of  the  other 
organs,  but  bacilli  occur  in  small  groups  or  colonies 
which  may  be  either  scanty  or  fairly  •numerous. 
Similarly  it  is  found  that  after  intravenous  inoculation 
of  dead  bacilli,  e.g.,  in  Fowl  392  inoculated  with  50 
mg.,  a  more  toxic  effect  was  produced  upon  the  liver 
and  spleen  than  upon  other  organs. 

Tabular  Statement. 

The  data  on  which  the  above  summary  is  based 
exhibited  in  the  following  table. 
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DISSEMINATION  OF  AVIAN  BACILLI  IN  THE  FOWL, 


Mode  of 
Infection. 

Duration  of 
Experiment 
in  Days. 

Virus. 

Dose. 

Number 
of 

Animal. 

Presence  or  Absence  of  Bacilli  in  Various  Organs. 

Lungs. 

Liver. 

Kidneys. 

Spleen. 

Feeding 

63 

P  XXVII. 

1  glyc. 

serum 
culture. 

40 

1    T.B.  found. 
A  few  minute 
lesions. 

Absent.  One 
doubtful 
lesion. 

Not  examined 

Absent. 

Feeding 

92 



P  XXI. 

10  mg. 

26 

Absent.    A  few 
minute  doubt- 
ful foci. 

A  few  bacilli. 
Many  le- 
sions. 

Absent 

Bacilli  rare. 
Caseous  le- 
sions. 

Feeding 

96 

p  III. 

1  glyc. 
serum 
culture. 

36 

A    few  ;  frag- 
ments. 

Small  groups. 

Absent 

Absent. 

Feeding 

103 

P  XXI. 

10  mg. 

28 

Absent 

A  few 

Not  examined 

A  few. 

Feeding 

107 

p  II. 

2  glyc. 
serum 
cultures. 

32 

Absent.   A  few 
doubtful  foci. 

Absent.  Some 
lesions. 

Absent 

Fairly  numer- 
ous. 

Feeding 

131 

A  I. 

10  mg. 

146 

Absent 

Very  scanty 

Absent 

Bacilli  rare. 
Caseous  le- 
sions. 

Feeding 

162 

A  X. 

Small 

264 

Absent 

Scanty 

Absent 

Scanty. 

Subcutaneous 

47 

A  VII. 

10  mg. 

220 

Absent 

Moderate 
numbers. 

Absent 

Scanty. 



Subcutaneous 

61 

P  II. 

10  mg. 

162 

Absent 
A  few 

Numerous 

Absent 

Abundant. 

Subcutaneous 

71 

P  XXI. 

10  mg. 

148 

Grenerally  dis- 
tributed, but 
no  clusters. 

Absent.  A 
few  minute 
lesions. 

Numerous  ■ 
many  small 
groups. 

Subcutaneous 

108 

p  II. 

1  mg. 

158 

Abundant 

Abundant 

Absent 

Abundant. 

Intraperitoneal 

61 

p  II. 

10  mg. 

164 

Absent 

Large  masses 

Absent 

Dense  masses. 

Intraperitoneal 

81 

A  IV. 

20  mg. 

298 

Absent.   A  few 
doubtful  foci. 

Absent.  Small 
lesions. 

Absent 

Absent. 

Intravenous 

29 

AIL 

0.1  mg. 

92 

Numerous  small 
colonies. 

Dense  masses 

A    few  in 
vessels. 

Dense  masses. 

Intravenous 

33 
35 

P  III. 

1  mg. 

100 

Scattered  ;  some 
colonies. 

Dense  masses 

One  small 
group. 

Dense  masses. 

Intravenous 

A  IV. 

50  mg. 

108 

Numerous 
colonies. 

Dense  masses 

Several  groups 

Dense  masses. 

Intravenous 

37 

A  II. 

10  mg. 

96 

Abundant 
colonies. 

Dense  masses 

Several  small 
colonies. 

Dense  masses. 

Intravenous 

42 

P  XXI. 

1  mg. 

152 

Many  small 
colonies. 

Dense  masses 

Several  small 
colonies. 

Dense  masses. 

Intravenous 

56 

P  XLIV. 

0-01  mg. 

172 

A    few  small 
lesions,  con- 
taining many 
bacilli. 

Dense  masses 

Absent 

Dense  masses. 

Destruction,  Arrest,  and  Multiplication  of  Bacilli. 

in  considerable  numbers  in  this  organ  it  usually  survives 
and  multiplies.  In  all  the  cases  of  intravenous  infection 
which  I  have  examined,  colonies  of  bacilli  are  found 
scattered  throughout  the  lung  tissue.  But  the  presence 
of  bacilli  is  associated  with  remarkably  little  tissue 
chmge.  There  is  no  tendency  to  consolidation,  and 
the  foci  which  are  laden  with  bacilli,  though  very 
numerous,  show  little  tendency  to  become  confluent. 
The  bacilli  are  short  and  straight,  and  occasionally 
show  a  tendency  to  form  rosettes. 

In  the  Liver. 

The  fowl's  liver  is  highly  susceptible  to  the  avian 
bacillus.  When  the  number  of  bacilli  which  reach  the 
organ  is  very  small,  it  is  probable  that  some  of  them 
fail  to  survive  ;  and  in  cases  of  relatively  slight  in- 
fection lesions  may  be  found  which  are  evidently  due 
to  the  tubercle  bacillus,  though  no  bacilli  are  present 
in  them.  But  usually,  and  in  all  cases  where  the  in- 
fection is  severe,  the  "bacilh  multiply  rapidly  and  very 
abundantly,  forming  dense  colonies  and  rosettes  in  all 
pares  of  the  tissue. 


In  the  Suhcutaneous  Tissue. 

In  the  local  lesion  of  Fowl  220,  47  days  after  sub- 
cutaneous inoculation  with  10  mg.,  there  are  large 
caseous  areas  and  also  small  circumscribed  tubercles 
in  proximity  to  the  subjacent  muscle.  Bacilli  are 
very  scanty,  and  nowhere  form  groups. 

In  the  local  lesion  of  Fowl  148,  71  days  after  sub- 
cutaneous inoculation,  there  are  large  necrotic  areas 
and  also  many  caseous,  circumscribed  tubercles. 
Bacilli  are  scattered  about  in  all  parts  of  the  specimen, 
and  often  occur  in  small  groups.  Some  of  the  bacilli 
are  fragmentary  and  others  are  very  long,  much 
longer  than  serum-grown  bacilli.  There  are  no  large 
groups  or  colonies,  and  it  appears  that,  though  some 
of  the  bacilli  have  retained  their  vitality  and  been 
able  to  grow,  growth  does  not  take  place  readily  or 
abundantly. 

In  the  Lungs. 

Though  the  lungs  are  not  readily  affected  except  by 
intravenous  inoculation,  when  the  avian  bacillus  arrives 
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In  the  Kidneys. 

The  kidney  appears  to  be  one  of  the  least  favour- 
able sites  for  the  development  of  bacilli.  Amongst 
the  specimens  examined,  no  bacilli  have  been  found 
except  in  the  animals  inoculated  intravenously.  Most 
of  these  show  bacilli,  which  have  formed  small  groups 
or  colonies,  but  the  number  of  bacilli  present  is  very 
much  smaller  than  in  the  lungs,  and,  compared  with 
the  liver,  the  amount  of  dissemination  is  extremely 
small.  The  avian  bacillus  is  usually  a  very  small 
organism,  and  it  seems  probable  that  when  it  arrives 
in  the  kidneys  by  the  blood-stream  it  is  readily 
excreted. 

In  the  Spleen, 

This  is  a  very  favourable  site  for  the  deposit  and 
development  of  bacilli.  As  in  the  liver,  they  grow 
very  luxuriantly,  forming  colonies  and  rosettes 
throughout  the  spleen  substance. 


In  the  Alimentary  Iract. 

Along  the  course  of  the  alimentary  tract  tubercular 
lesions  with  greatly  thickened  walls  and  caseous 
centres  are  usually  abundant  and  contain  many  bacilli. 


In  the  Blood-Vessels. 

In  all  the  animals  which  have  been  severely  infected 
(by  intravenous  inoculation)  bacilli  have  been  found 
in  the  blood-vessels  at  the  termination  of  the  experi- 
ment  (the  duration  of  the  experiments  ranging  from  29 
to  42  days).  In  many  of  the  specimens  intravascular 
bacilli  are  fairly  numerous  ;  they  are  loosely  dis- 
tributed, never  occur  in  clumps,  and  are  generally  not 
attached  to  or  within  cells.  The  readiness  with  which 
intravascular  bacilli  can  be  found  in  sections  indicates 
that  the  number  in  the  cii-culation  must  be  very  large 


Reaction  of  the  Tissue  Cells. 


Leucocytes  and  Small  Lymphocytes. 

Fowl  40. — In  the  specimen  cf  lung,  where  only  one 
bacillus  has  been  found,  there  are  a  few  small  foci 
which  are  filled  up  with  leucocytes  and  small  lympho- 
cytes and  are  probably  due  to  the  former  presence  of 
small  numbers  of  bacilli.  In  the  liver  there  is  a 
slightly  caseous  area  containing  large  numbers  of 
leucocytes  and  lymphocytes,  and  in  other  places  there 
is  a  leucocytic  infiltration  which  is  particularly  well 
marked  at  the  periphery  of  blood-vessels  ;  no  bacilli 
have  been  found  in  the  specimen,  but  the  caseous  area 
may  undoubtedly  be  regarded  as  a  tubercle,  and 
possibly  the  infiltration  which  is  found  elsewhere  has 
been  caused  by  tubercle  bacilli  formerly  present. 

Fowl  26. — The  liver  of  this  animal  is  a  good  example 
of  a  mild,  retrogressive  infection.  In  only  one  lesion 
have  a  few  bacilli  been  found,  but  many  other  lesions 
are  present  which  seem  undoubtedly  due  to  the  former 
presence  of  tubercle  bacilli.  The  lesion  where  the 
bacilli  have  been  found  contains  very  large  numbers  of 
oxyphil  leucocytes  but  no  lymphocytes  ;  in  the  other 
lesions  lymphocytes  are  always  present  as  well  as 
leucocytes,  the  lesions  being  generally  filled  up  with 
groups  of  these  two  types  of  cells.  There  is  also  a 
well  marked  zone  of  leucocytes  and  lymphocytes 
surrounding  the  walls  of  the  blood-vessels.  In  addition 
to  the  ordinary  finely  granular  leucocyte  there  are 
many  masses  of  cells  which  are  rather  larger  and  -ire 
filled  with  larger  and  more  deeply  staining  granules. 
The  spleen  contains  many  discrete  tubercles  which  are 
centrally  caseous  and  surrounded  with  fibroblasts ; 
they  contain  few  bacilli.  Leucocytes  are  abundant 
throughout  the  tissue  and  masses  of  broken  down 
leucocytes  are  found  amongst  the  caseous  material  of 
some  of  the  tubercles. 

Fold  36. — The  liver  contains  caseous,  circumscribed 
foci  in  which  bacilli  are  moderately  numerous.  Leuco- 
cytes are  fairly  plentiful  just  within  the  periphery  of 
the  lesions,  but  none  have  been  found  to  contain 
bacilli. 

Fowl  28. — In  the  liver  there  is  a  marked  leucocytic 
infiltration,  particularly  around  the  blood-vessels  and 
between  the  lobules  :  a  few  tubercle  bacilli  occur,  but 
there  are  no  definite  tubercles. 

Fold  162. — The  liver  is  crowded  with  discrete 
tubercles  which  are  centrally  caseous  ;  bacilli  are 
numerous  in  the  lesions  but  have  not  grown  irto 
rosettes  ;  leucocytes  are  fairly  numerous  at  the  margin 
of  the  lesions,  and  one  or  two  have  been  found  to 
contain  bacilli. 

Fowl  148. — In  the  local  lesion,  which  is  extensively 
caseous,  bacilli  occur  in  small  groups  but  do  not  form 
dense  colonies  ;  in  the  areas  not  completely  necrotic 
there  is  a  moderate  sprinkling  of  oxyphil  leucocytes, 
and  a  few  of  these  contain  bacilli  ;  small  lymphocytes 
are  rather  more  numerous  than  the  leucocytes  but  do  not 
form  dense  groups.  The  liver  contains  innuuerable 
caseous  tubercles  in  which  bacilli  are  scattered  but  do 
not  form  groups  or  colonies  ;  both  leucocytes  and 
lymphocytes  are  found  at  the  periphery  of  the  lesions 
but  not  in  very  large  number?  ;  no  bacilli  have  been 
found  within  leucocytes.    In  the  spleen,  which  is  in 


the  same  condition  as  the  liver  but  rather  more 
advanced,  a  few  of  the  leucocytes  contain  bacilli.  In 
the  kidneys  there  are  a  few  small  foci  which  are 
probably  minute  tubercles  and  have  been  overrun  with 
lymphocytes  ;  no  bacilli  have  been  found. 

Foiol  158. — The  liver  is  very  extensively  caseous 
and  bacilli  are  abundant  ;  oxyphil  leucocytes  are  very 
numerous  in  all  parts  of  the  tissue  and  are  collected 
into  groups  both  in  the  caseating  and  in  the  non- 
caseous  areas  ;  several  leucocytes  have  been  found 
containing  bacilli. 

Fowl  92. — The  liver  is  occupied  with  enormous 
numbers  of  bacilli  which  have  grown  everywhere  into 
colonies  but  have  produced  relatively  little  tissue  des- 
truction ;  leucocytes  are  notably  rare,  and  none  have 
been  found  containing  bacilli ;  small  lymphocytes 
occur  in  fairly  large  numbers  amongst  the  cells  between 
the  groups  of  bacilli  but  are  not  packed  in  close 
masses. 

Foiol  100. — The  lungs  contain  several  small  colonies 
of  bacilli ;  bacilli  are  also  scattered  loosely  over  all 
parts  of  the  tissue  ;  the  bacilli  are  very  rarely  found 
within  leucocytes,  though  these  cells  are  very  plentiful 
throughout  the  tissue  and  particularly  at  the  periphery 
of  groups  of  bacilli.  The  liver  is  crowded  with  dense 
colonies  of  bacilli ;  oxyphil  leucocytes  are  plentiful 
and  a  few  of  them  contain  bacilli  ;  between  the 
clusters  of  bacilli  small  lymphocytes  are  fairly 
numerous.  The  spleen  is  in  the  same  condition  as  the 
liver. 

Fowl  108. — In  the  lungs  groups  and  colonies  of 
bacilli  are  abundant  but  there  is  relatively  little  tissue 
change  ;  oxyphd  leucocytes  are  scanty,  and  none  have 
been  found  containing  bacilli.  The  liver  and  spleen 
resemble  those  of  Fowl  100. 

Fowl  96. — The  whole  of  the  lung  tissue  is  spi'inkled 
with  colonies  of  bacilli  which  have  produced  no 
appreciable  histological  change  ;  both  leucocytes  and 
lymphocytes  are  scanty.  The  liver  and  spleen,  which 
are  packed  with  colonies  of  bacilli,  contain  relatively 
few  oxyphil  leucocytes  but  show  a  moderate  degree  of 
infiltration  with  small  lymphocytes. 

Fowl  152. — In  the  lungs  there  are  many  small 
colonies  of  bacilli,  but  there  is  very  little  tissue  change. 
The  liver  contains  abundant  colonies  of  bacilli  between 
which  there  is  a  copious  infiltration  of  lymphocytes 
and  leucocytes. 

Plasma  Cells. 

Where  there  is  an  abundant  infiltration  of  small 
lymphocytes,  which  is  frequently  noticeable  in  the 
livers  of  severely  infected  fowls,  cells  which  react  to 
Pappenheim's  stain  are  also  numerous,  but  generally 
resemble  large  lymphocytes  in  shape  and  are  not  com- 
monly of  the  compressed  or  elongated  type.  No 
plasma  cells  have  been  found  in  situations  which  con- 
tain bacilli  but  show  either  no  evidence  of  tissue 
destruction  or  only  slightly  necrotic  foci  with  no  de- 
finite boundary  zone.  Moreover,  at  the  periphery  of 
the  larger  lesions,  which  show  a  well  marked  boundary 
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of  fibroblasts,  plasma  cells  have  not  been  found  in 
any  of  the  specimens  examined.  There  is  also  an  ab- 
sence of  these  cells  at  the  periphery  of  blood-vessels 
situated  amongst  infected  tissue. 

Endothelial  and  Parenchymatous  Cells. 

In  the  minute  lesions,  which  show  little  or  no 
necrotic  change,  these  cells  show  some  protoplasmic 
degeneration,  but  no  signs  of  proliferation.  In  the 
larger  lesions,  and  particularly  in  the  tubercles  where 
caseation  has  set  in,  there  is  a  tendency  for  the  nuclei 
of  the'?e  cells  to  divide  amitotically.  These  newly- 
formed  nuclei  often  form  an  irregular  fringe  at  the 
margin  of  a  caseous  patch,  and  also  frequently  form 
large  clumps  which,  taken  together  with  the  surround- 
ing protoplasm,  may  be  termed  "  gimt  cells "  ;  but 


their  protoplasmic  matrix  is  much  too  imperfectly 
defined  to  justify  the  assumption  that  they  are 
individual,  multinucleate  cells. 

Fibroblasts  and  Degenerative  Change. 

At  the  periphery  of  lesions  showing  caseous  change 
there  is  a  well-marked  tendency  to  the  formation  oC  a 
fibrous  layer,  composed  of  cells  which  do  not  react  to 
Pappenheim's  stain,  but  are  apparently  derived  from 
pre-existing  connective  tissue  corpuscles.  There  is  also 
a  tendency,  particularly  well  marked  in  lesions  not 
centrally  caseous  but  containing  large  masses  of  bacilli, 
for  the  formation  of  a  peripheral  deposit  of  concentric 
layers  of  hyaline  material.  And  in  lesions  partially 
caseous  and  less  densely  packed  with  bacilli,  globules 
of  a  similar  hyaline  material  frequently  occur  in  the 
necrotic  areas. 


Summary. 


After  feeding,  dissemination  of  bacilli  beyond  the 
region  of  the  alimentary  tract  is  relatively  scanty. 
Very  few  bacilli  find  their  way  to  the  lungs,  and  none 
have  been  found  in  the  specimens  of  kidneys.  More 
bacilli  find  their  way  to  the  liver  and  spleen,  and  in 
these  organs  the  bacilli  may  be  generally  distributed 
in  small  numbers,  or  may  even  form  small  groups  and 
colonies,  though  in  other  cases  the  number  of  bacilli 
present  is  scanty.  After  subcutaneous  inoculation  the 
dissemination  of  bacilli,  though  not  always  profuse,  is 
less  restricted  than  after  feeding  ;  the  liver  and  spleen 
receive  much  larger  numbers  of  bacilli  than  the  lungs 
and  kidneys.  After  intraperitoneal  inoculation  the 
results  are  variable  ;  bacilli  may  be  found  in  very  large 
nnmbeis  in  the  liver  and  spleen. 

When  the  bacilli  are  introduced  into  the  subcu- 
taneous tissue,  the  majority  of  them  are  detained  in 
situ  and  give  I'ise  to  extensive  tubercles  with  broad 
cellular  walls  ;  and  after  feeding  the  bacilli  are  detained 
in  a  similar  manner  within  lesions  formed  in  proximity 
to  the  alimentary  tract.  In  no  instance  have  the  lungs 
been  found  to  be  severely  diseased,  and  frequently 
either  only  few  or  no  bacilli  are  to  be  found  ;  where 
bacilli  are  numerous  and  have  grown  into  colonies,  which 
is  particularly  the  case  after  intravenous  inoculation, 
they  have  produced  remarkably  little  tissue  damage. 
The  fowl's  lung  is  often  said  to  be  highly  resistant  ; 
this  is  true  in  the  sense  that  the  bacilli  produce  very 
little  tissue  damage  ;  but  it  is  a  passive  sort  of  resist- 
ance ;  the  lung  tissue  does  not  destroy  the  bacilli,  but 
allows  them  to  pass  through  the  pulmonary  circulation 
without  detention,  and  allows  them  to  multiply,  par- 
ticularly in  the  septa  between  the  pulmonary  lobules, 
without  hindrance.  The  high  resistance  of  the  kidneys 
also  appears  to  be  of  this  passive  nature,  i.e.,  the 
majority  of  the  bacilli  pass  through  the  organ  without 
detention  and  without  provoking  a  tissue  reaction. 
The  liver  and  spleen  are  the  two  most  susceptible 
organs,  i.e.,  the  jjlaces  wherein  the  bacilli  lodge  and 
find- a  particularly  favourable  culture  medium.  It  is 
also  important  to  note  that  bacilli  are  verj'  frequently 
found  within  the  blood-stream,  and  that  this  medium 
appears  much  less  unfavourable  to  their  existence  than 
is  the  blood  of  mammals  to  the  existence  of  mammalian 
bacilli. 

Leucocytes  and  small  lymphocytes  are  usually  found 
in  association  with  deposits  of  bacilli,  but  the  latter  cells 
do  not  come  into  close  contact  with  them.  The  leuco- 
cytes are  sometimes  found  to  contain  bacilli,  but  not 
very  frequently  ;  they  do  not  play  an  important  part  as 
protective  agents.  They  are  most  conspicuous  in  the 
chronic  caseous  lesions,  where  they  form  a  broad  zone 
at  the  periphery,  not  in  contact  with  the  caseous 
materia]  containing  bacilli,  but  amongst  the  external 
demarcation  layer  of  fixed  tissue  cells.  Plasma  cells 
and  large  lymphocytes  are  often  found  at  the  periphery 
of  the  more  chronic  lesions,  but  play  no  part  in  attack- 
ing or  ingesting  tubercle  bacilli.  The  avian  bacillus  is 
often  carried  along  the  circulation  without  attaching 
itself  to  the  endothelial  lining  and  without  acting  as 
an  irritant  to  the  endothelial  cell.  But  it  readily 
passes  through  these  cells,  particularly  in  the  liver, 
and  then  commences  to  grow  within  the  parenchyma- 
tous cells.  In  the  cellular  degeneration  which  follows, 
the  cells  lose  their  individuality,  and  there  is  then  a 
a  tendency,  particularly  well  marked  in  the  more 
ch  ronic  lesions,  for  the  nuclei  present  in  these  areas  to 
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multiply  amitotically,  forming  very  conspicuous  and 
often  circular  masses  of  nuclei  embedded  in  a  proto- 
plasmic matrix.  Another  feature  of  the  chronic  avian 
tubercle  with  a  caseous  centre  is  the  formation  of  a 
very  dense  fibrous  periphery.  But  in  tissues  where 
the  deposits  of  bacilli  multiply  rapidly  and  very 
profusely,  there  is  an  absence  of  tubercle  formation  ; 
often  a  large  growth  of  bacilli  evinces  little  or  no 
tissue  reaction,  but  not  infrequently  these  areas  of 
bacilli  are  surrounded  by  concentric  layers  of  hyaline 
deposit. 

The  most  striking  feature  about  these  results  is  that, 
under  different  circumstances,  the  same  bacillus  pro- 
duces in  the  fowl  widely  different  types  of  disease. 
On  the  one  hand  there  is  the  slowlj'  progressive 
caseous  tubercle  with  a  well  defined  fibrous  periphery, 
within  which  bacilli  are  generally  scanty  and  never 
very  abundant ;  and  on  the  other  hand  there  is  an 
enormous  profusion  of  bacilli  with  no  tubercle  forma- 
tion and  very  little  tissue  damage. 

As  the  caseiting  lesions  are  undoubtedly  due  to  the 
action  of  the  tubercle  bacillus,  there  is  thus  the 
paradoxical  result  that  a  few  Imcilli  produce  a  greater 
amount  of  tissue  damage  than  a  large  number.  In 
explanation  of  this  paradox,  the  first  point  of  differ- 
ence to  note  is  that  in  the  caseous  type  of  lesion  many  of 
the  bacilli  break  down  and  disappear,  whereas  in  the 
other  type  of  disease  the  bacilli  grow  profusely  and 
show  no  sign  of  disintegration.  The  caseation  must 
therefore  be  associated  with  the  disintegration  of 
bacilli  and  the  escape  of  their  contents  into  the  tissue. 
The  question  then  arises,  Why  do  the  tissues  cause 
the  destruction  of  the  bacilli  in  some  cases  but  not  in 
others  ?  "Phagocytosis"  does  not  afford  any  sufficient 
explanation,  because  there  is  no  evidence  that  in  the 
former  case  any  particular  type  of  cell  attacks  the 
bacilli  more  vigorously  than  iu  the  latter.  It  is,  how- 
ever, significaut  that  this  free  multiplication  of  bacilli 
without  tubercle  formatiou  is  the  effect  commonly 
produced  by  intravenous  inoculation,  and  is  only 
found  when  bacilli  have  gained  free  access  to  the 
blood- stream.  The  difference,  therefore,  appears  to 
be  associated  with  some  change  in  the  plasma,  whereby 
the  cells  nourished  with  normal  plasma  prove  a  less 
favourable  medium  for  the  growth  of  the  bacillus 
than  cells  nourished  with  plasma  which  has  been 
modified  by  the  circulation  of  numerous  bacilli.  This 
influence  must  be  primarily  on  the  cells  rather  than 
on  the  bacilli,  because  it  would  be  unrepsonable  to 
suppose  that  circulation  in  the  blood-stream,  per  se, 
endowed  the  bacilli  with  greater  capacity  for  growth. 
It  is  also  noteworthy  that  the  bacilli  derive  more 
nourishment,  as  evinced  by  their  more  abundant 
growth,  from  tissue  where  disintegration  is  only  slight 
than  from  tissue  which  has  been  reduced  to  a  homo- 
geneous admixture  of  nuclear  with  protoplasmic 
material.  This  may  be  associated  with  the  inability 
of  the  bacilli  to  grow  within  the  nuclei  of  cells. 

As  I  have  already  pointed  out,  the  two  organs  most 
readily  attacked  are  the  liver  and  spleen  ;  and  in  these 
two  the  bacilli  grow  in  greatest  profusion.  The  lungs 
and  kidneys  are  much  less  susceptible,  in  the  sense 
that  much  less  tissue  damage  is  found  in  these  organs. 
But  there  is  no  evidence  that  either  of  these  organs 
plays  an  important  part  in  the  destruction  of  bacilli 
After  intravenous  inoculation  bacilli  circulate  freely 
through  both  organs  and  doubtless  many  are  passed 

38 


290 


Comparison  of  Mammalian  with  Avian  Viruses. 


out  in  the  renal  excretion.  It  is  also  noteworthy  that 
through  the  lungs,  which  must  bear  the  initial  brunt 
of  the  inoculation,  the  bacilli  circulate  without  pro- 
ducing more  than  slight  irritant  effects.    JtJut  they 


grow  in  the  pulmonary  tissue  without  hindrance  ;  and 
in  specimens  which  present  no  lesions  to  the  naked  eye 
numerous  colonies  are  found,  particularly  in  the  con- 
nective tissue  at  the  margins  of  the  pulmonary  lobules. 


B.-IN  RABBITS. 


I.— Early  Stages  of  Infection  after  Intravenous  Inoculation  with  Avian  Bacilli. 

Dr.  F.  Griffith  inoculated  a  series  of  rabbits  (Rabbits  1552-4,  1793,  1555,  1792,  1556)  intravenously, 
the  dose  for  each  animal  being  1  mg.  of  culture.  One  animal  was  killed  at  each  of  the  following  periods 
after  inoculation :— 24  hours,  3  days,  5  days,  6  days,  8  days,  11  days,  and  14  days. 


Limgx. 

24  hours. — -The  effect  of  the  inoculation  is  seen  by 
a  general  distension  of  the  alveolar  walls  and  the 
presence  of  more  leucocytes  than  normal  in  all  parts 
of  the  tissue.  There  are  many  minute  deposits  of 
bacilli,  but  no  clumps.  The  emulsion  of  culture 
appears  to  have  been  very  finely  divided.  The  bacilli 
have  produced  no  definite  tissue  change  ;  none  have 
been  found  within  leucocytes,  nor  do  collections  of 
leucocytes  occur  in  situations  where  bacilli  are  present. 
In  some  of  the  larger  blood-vessels  which  have  been 
cut  across,  bacilli  are  present  in  small  numbers  ;  some 
of  them  are  free,  and  others  are  attached  to  mono- 
nuclear cells. 

3  days. — The  general  alveolar  thickening  is  rather 
greater  than  in  the  former  specimen  ;  the  leucocytes 
show  a  slight  further  increase,  and  the  small  lympho- 
cytes are  also  rather  more  numerous.  Bacilli  occur 
singly,  and  a  few  small  groups  have  also  been  found. 
There  is  no  constant  relation  between  the  leucocytes 
and  lymphocytes  and  the  bacilli.  Fairly  large  groups 
of  both  these  types  of  cells  occur  amongst  two  of  the 
larger  collections  of  bacilli,  but  in  other  places  these 
cells  are  not  found  in  association  with  bacilli.  No 
bacilli  have  been  found  within  leucocytes.  Both  the 
endothelial  and  the  epithelial  celLs  are  swollen,  and 
some  of  their  nuclei  are  of  irregular  outline  ;  these 
conditions  are  not  confined  to  situations  where  bacilli 
are  present.  Some  of  the  bacilli  are  distinctly  larger 
than  serum-grown  bacilli. 

5  days. — The  general  thickening  is  rather  more 
advanced  than  in  the  3  days'  specimen  ;  the  leuco- 
cytes show  only  a  slight  further  increase,  but  the 
number  of  small  lymphocytes  has  increased  con- 
siderably. Bacilli  are  rather  more  frequent  than  in  the 
last  specimen,  and  in  some  of  the  small  groups  multi- 
plication appears  to  have  taken  place.  The  small 
consolidated  foci  in  which  these  groups  of  bacilli 
occur  consist  of  greatly  swollen  epithelial  and  endo- 
thelial cells,  together  with  many  lymphocytes  and  a 
smaller  number  of  leucocytes.  No  bacilli  have  been 
found  within  leucocytes. 

6  days. — Very  little  change  as  compared  with  the 
last  specimen,  but  a  few  bacilli  have  been  found 
within  leucocytes. 

8  days. — Though  some  general  thickening  of  the 
alveolar  walls  is  still  present,  it  is  less  in  amount  than 
in  the  last  specimen.  The  general  distribution  of 
leucocytes  and  lymphocytes  is  the  same  as  before. 
The  sites  in  which  bacilli  occur  are  not  more 
numerous,  but  there  is  more  evidence  of  multipli- 
cation, many  of  the  bacilli  having  grown  into  minute 
clumps.  The  condition  of  the  lesions  in  which  the 
groups  of  bacilli  occur  is  the  same  as  in  the  former 
specimen.  The  leucocytes  appear  to  be  only  slightly 
attracted  by  the  presence  of  bacilli,  and  very  few  have 
ingested  them. 

11  days. — The  tissue  is  much  more  congested  and 
shows  a  general  thickening  of  the  alveolar  walls. 
Bacilli  are  still  scanty,  but  occur  in  small  groups  of 
5  or  6  ;  none  have  been  found  within  leucocytes. 

14  days. — Compared  with  the  last  specimen,  the 
lesions  are  much  more  numerous,  and  some  of  them 
are  decidedly  larger.  There  is  also  a  further  increase 
in  the  number  of  leucocytes  and  lymphocytes  in  all 
parts  of  the  tissue.  Bacilli  are  distributed  more  gene- 
rally, and  the  number  of  small  clusters  is  greater. 


Some  of  the  lesions  show  a  slight  tendency  to  casea- 
tion, and  there  is  an  occasional  increase  in  the  nuclei 
of  some  of  the  epithelial  and  endothelial  cells  found 
in  these  lesions.  Though  leucocytes  are  numerous, 
none  have  been  found  which  contain  bacilli. 

Liver. 

24  hours. — Bacilli  are  scattered  about  the  tissue  in 
small  numbers  ;  they  occur  either  singly  or  in  groups 
of  not  more  than  two  or  three.  They  are  found 
sometimes  within  endothelial  cells  and  sometimes 
within  liver  cells  ;  the  nuclei  of  the  cells  containing 
them  are  often  somewhat  distorted.  No  other  tissue 
changes  are  observable.  Leucocytes  are  not  in  excess 
of  the  normal,  and  very  few  have  been  found  contain- 
ing bacilli. 

3  days. — Perhaps  the  bacilli  occur  a  little  more 
frequently  than  in  the  former  specimen,  but  the 
difference  is  only  slight.  They  occur  in  the  same 
situations,  and  no  further  histological  changes  are 
observable  in  the  liver  cells  and  endothelial  cells 
which  contain  bacilli.  It  is,  however,  noticeable  that 
many  of  the  bacilli  in  these  situations,  though  they 
have  not  multiplied,  have  distinctly  increased  in 
length.  Leucocytes  are  scanty,  but  in  one  situation  a 
small  group  of  these  cells  has  been  found  surrounding 
and  ingesting  a  group  of  bacilli. 

5  days. — Bacilli  occur  more  frequently  both  within 
liver  cells  and  endothelial  cells.  They  also  show 
signs  of  multiplication  in  these  situations.  Usually 
the  increase  is  only  small,  but  one  liver  cell  has  been 
found  the  nucleus  of  which  stains  diffusely,  and  is 
completely  surrounded  by  a  ring  of  bacilli.  There  is 
no  increase  in  the  number  of  leucocytes  ;  one  of  these 
cells  has  been  found  containing  bacilli.  The  number 
of  small  lymphocytes  is  rather  greater  than  in  former 
specimens.  The  amount  of  histological  change  in  the 
tissue  is  extremely  small,  and  would  hardly  be  noticed 
in  specimens  not  stained  for  bacilli. 

6  days. — The  foci  in  which  bacilli  occur  have  not 
increased  in  number  ;  but,  in  most  situations  where 
they  occur,  the  bacilli  have  increased  in  number  and 
show  a  tendency  to  ring  formation.  The  small  groups 
of  bacilli  have  produced  definite  lesions,  characterised 
by  protoplasmic  disintegration  of  the  parenchymatous 
cells,  swelling  and  increase  of  the  surrounding  endo- 
thelial cells,  and  some  infiltration  of  lymphocytes. 
Leucocytes  are  not  very  numerous,  and  rarely  contain 
bacilli. 

8  days. — Compared  with  the  last  specimen,  the 
amount  of  pathological  change  shows  a  small  but 
appreciable  increase.  The  sites  where  bacilli  occur 
are  rather  more  numerous,  and  the  groups  of  bacilli 
are  slightly  larger.  There  is  a  little  increase  in  the 
number  of  leucocytes,  and  also  of  lymphocytes.  A 
few  of  the  endothelial  cells  show  nuclear  changes  pre- 
paratory to  mitosis.  Round  one  or  two  of  the  larger 
groups  of  bacilli  there  is  a  small  collection  of  lympho- 
cytes and  leucocytes.  A  few  leucocytes  contain 
bacilli. 

11  days. — Bacilli  are  very  numerous  and  have  grown 
into  rosettes  and  small  colonies  in  almost  every 
microscopic  field.  There  is  also  a  much  denser  infil'- 
tration  of  lymphocytes  and  leucocytes  in  many  of  the 
regions  where  bacilli  are  abundant.  The  leucocytes 
exhibit  only  slight  phagocytic  activity. 
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14  daya. — There  is  a  very  great  increase  in  the 
number  of  bacilli,  which  are  now  found  plentifully 
in  almost  every  microscopic  field  (oil-immersion  lens). 
They  have  multiplied  into  groups,  and  often  form 
typical  rosettes.  The  interior  of  the  liver  cells  is 
the  usual  place  io  which  multiplication  has  occurred. 
The  protoplasm  of  many  of  these  cells  is  crowded 
with  bacilli,  and  their  nuclei  have  increased  by  direct 
division.  Sometimes  the  bacilli  form  a  ring  surround- 
ing the  nuclei,  and  sometimes  the  nuclei  are  displaced 
to  one  side  of  the  cell  ;  occasionally,  where  two  or 
three  liver  cells  have  fused  together,  there  is  a  con- 
fused mass  of  nuclei  and  bacilli.  No  mitotic  figures 
have  been  found  in  liver  cells  containing  bacilli,  but 
in  adjacent  liver  cells  mitoses  have  beeu  found,  though 
not  very  commonly.  The  presence  of  bacilli  within 
endothelial  cells  is  relatively  rare,  their  preference  for 
the  liver  cells  being  much  more  strongly  marked  in 
this  than  in  earlier  specimens.  There  is  no  appreciable 
increase  in  the  lymphocytes,  but  the  leucocytes  are 
distinctly  more  numerous  than  in  former  specimens. 
In  a  few  places  a  small  group  of  leucocytes  is  found 
attacking  and  ingesting  bacilli  but  this  is  exceptional  ; 
the  great  majority  of  the  leucocytes  do  not  contain 
bacilli,  and  these  cells  are  not  more  numerous  in 
proximity  to  bacilli  than  in  other  situations.  The 
most  striking  features  of  the  specimen  are  the  multipli- 
cation of  bacilli  within  liver  cells,  and,  with  the 
exception  of  the  protoplasmic  disintegration  of  these 
cells,  the  complete  absence  of  tissue  destruction. 


Kidneys. 

24  hours  and  3  days. — ^No  lesions  or  bacilli  have  been 
found. 

5,  G,  8,  and  11  days. — Two  or  three  bacilli  have  been 
found  in  the  first  specimen  but  none  in  the  others. 

14  days. — A  few  bacilli  have  been  found  within 
blood-vessels  but  none  elsewhere. 


Spleen. 

24  hours. — Bacilli  are  scattered  about  the  specimen 
in  rather  larger  numbers  than  have  been  found  in  any 
of  the  other  organs  at  this  period.  A  few  of  the 
bacilli  are  longer  than  serum-grown  bacilli.  Leuco- 
cytes are  numerous  throughout  the  specimen  and  also 
occur  in  groups,  where  many  of  them  show  a  granular 
disruption  of  their  nuclei.  It  is  doubtful  whether 
the  tubercle  bacilli  have  caused  this  change,  as 
these  groups  of  leucocytes  are  not  associated  with 


collections  of  tubercle  bacilli.  Some  of  the  leucocytes 
are  close  to  bacilli,  but  there  is  only  slight  evidence  of 
phagocytosis. 

3  days. — Bacilli  are  slightly  more  numerous  than  in 
the  last  specimen  and  a  few  have  been  found  within 
blood-vessels.  Occasionally  a  small  group  of  bacilli  is 
found  which  appears  to  have  increased  by  multipli- 
cation. Leucocytes  are  abundant  ;  they  appear  to  be 
attracted  towards  the  bacilli,  and  bacilli  are  sometimes 
found  amongst  their  granules.  Bacilli  are  frequently 
present  within  endothelial  cells. 

.5  days. — The  deposits  of  bacilli  are  numerous  and 
there  is  further  evidence  of  multiplication,  many  of 
the  newly  formed  groups  occurring  within  endothelial 
cells.  There  is  a  further  increase  in  the  nunber  of 
leucocytes.  Amongst  the  groups  of  bacilli  these  cells 
are  often  plentiful  ;  they  contain  bacilli  not  un- 
f  requently  and  many  of  them  shows  signs  of  nuclear 
disintegration.  A  few  bacilli  have  been  found  within 
blood-vessels. 

6  days. — No  appreciable  change  as  compared  with 
the  last  specimen. 

8  days. — There  is  a  further  increase  in  the  number 
of  bacilli,  and  the  colonies  have  become  rather  larger. 
Many  of  the  colonies  have  grown  into  solid  balls,  but 
some  are  more  loosely  arranged  and  show  a  tendency  to 
rosette  formation  ;  no  completely  formed  rosettes  have 
been  found.  Leucocytes  are  even  more  numerous 
than  in  the  last  specimen  and  are  often  found  sur- 
rounding and  ingesting  bacilli.  The  number  of 
actively  phagocytic  leucocytes  is  much  larger  than 
in  any  previous  specimen.  Although  the  number  of 
bacilli  present  in  the  tissue  is  very  large,  there  is  a 
remarkable  absence  of  tissue  destruction. 

11  days.  —  The  bacilli  have  increased  in  number, 
but  there  is  a  diminution  in  the  phagocytic  activity  of 
the  leucocytes. 

14  days. — There  is  a  further  increase  of  bacilli. 
The  colonies  are  larger  and  rosette  formations  are 
more  definite.  The  nuclei  of  the  endothelial  cells 
are  greatly  swollen,  and  some  of  them  have  multi- 
plied by  direct  division,  without  division  of  the  proto- 
plasm. These  collections  of  nuclei  az'c  surrounded 
by  bacilli,  but  are  not  massed  together  in  sufficiently 
large  numbers  to  form  conspicuous  giant  cells.  The 
protoplasmic  material  surrounding  these  nuclear 
groups  stains  imperfectly  but  is  not  definitely  caseous. 
In  the  areas  where  bacilli  are  abundant  the  leucocytes 
show  a  marked  falling  ofi!  in  number  and  do  not 
contain  bacilli  ;  but  in  the  less  afi^ected  parts  of  the 
tissue  these  cells  are  numerous,  are  often  found  in 
contact  with  small  groups  of  bacilli,  and  sometimes 
contain  bacilli  amongst  their  granules. 


II.— Early  Stages  of  the  Infective  Process  in  Rabbits  after  Subcutaneous  Inoculation 

with  Avian  Bacilli. 

Dr.  F.  Griffith  inoculated  a  series  of  rabbits  subcutaneously,  over  the  scapula,  each  with  a  dose  of 
50  mg.  of  avian  culture.  One  animal  was  killed  at  each  of  the  following  intervals  after  inoculation  : — 
24  hours,  3  days,  5  days,  8  days,  and  14  days. 


Twenty-four  Hours. 

The  mass  of  bacilli  (Rabbit  1642)  is  fairly  compact 
and  has  only  penetrated  to  a  slight  extent  into  the  sub- 
jacent muscle.  Amongst  the  bacilli  there  are  a  few 
long,  thick  forms  ;  these  may  have  been  produced  after 
.the  inoculation  ;  they  are  not  usually  met  with  in  recent 
serum  cultures.  The  deposit  of  culture  is  infiltrated 
with  enormous  numbers  of  leucocytes.  In  the  central 
areas  the  leucocytes  have  completely  lost  their  granu- 
lation and  are  crowded  with  bacilli.  But  where  the 
bacilli  are  more  loosely  distributed,  though  still  very 
numerous,  most  of  the  leucocytes  retain  their  granu- 
lation ;  the  majority  of  these  contain  bacilli  in  their 
interior  but  some  of  them  do  not,  although  there  are 
large  numbers  of  free  bacilli  close  at  hand.  On 
passing  to  areas  where  the  bacilli  are  more  scantily 
distributed,  the  percentage  of  leucocytes  not  engaged 
in  phagocytosis  rapidly  increases,  and  many  of  the 
bacilli  are  found  lying  free.   Outside  the  area  of  bacilli 


leucocytes  are  still  plentiful  and  appear  to  be  converg- 
ing towards  the  central  foci.  The  capillaries  found  in 
the  adjacent  muscle  contain  nuojerous  leucocytes  but 
no  bacilli. 

No  bacilli  have  been  found  in  the  specimens  of  lung, 
liver,  and  kidney  ;  but  one  small  group  has  been  found 
in  an  axillary  gland. 

Three  Days. 

In  the  local  lesion  (Rabbit  1643)  some  of  the  bacilli 
are  broken  up,  and  a  few  show  signs  of  beading.  The 
relation  of  leucocytes  to  the  bacilli  is  the  same  as  in  the 
previous  specimen.  In  areas  containing  large  numbers 
of  bacilli  many  of  the  leucocytes  have  been  able  to  retair 
their  granules,  but  there  are  also  large  numbers  of 
loosely  scattered  granules  ;  this  free  distribution  of 
loose  granules  is  more  noticeable  than  in  the  previous 
spacimen.  No  bacilli  have  been  found  within  blood- 
vessels. 
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No  bacilli  have  been  found  in  the  specimens  of  lung, 
liver,  and  kidneys.  There  are  a  few  particles  of  acid- 
fast  material  in  the  spleen  which  might  be  fragments 
of  bacilli.  One  small  cluster  of  bacilli  has  been  found 
in  an  axillary  gland. 

Five  Days. 

Amongst  the  central  mass  of  bacilli  in  the  local 
lesion  (Rabbit  1644)  many  are  broken  up  ;  many  long, 
thick  forms  are  present ;  and  a  considerable  number  have 
lost,  or  partially  lost,  their  acid-fast  properties  and  take 
on  a  more  or  less  definite  blue  stain.  Most  of  the  leuco- 
cytes in  this  central  area  have  lost  their  granulation. 
Passing  outwards,  there  is  found,  as  in  the  earlier 
specimens,  a  dense  mass  of  leucocytes  which  retain 
their  granulation,  and  there  are  also  large  numbers  of 
loosely  scattered  granules.  In  the  loose  areolar  tissue 
adjacent  to  the  lesion  the  most  striking  feature  is  the 
large  number  of  endothelial  cells  and  fibroblasts  which 
have  taken  up  bacilli.  The  protoplasm  of  many  of 
these  cells  has  been  replaced  by  a  solid  mass  of  bacilli, 
which,  from  their  compact  arrangement  and  normal 
size  and  staining  properties,  appear  to  have  multiplied 
in  these  situations.  Leucocytes  are  numerous  in  this 
part  of  the  tissue,  but  in  contrast  to  the  endothelial 
and  connective  tissue  cells  they  rarely  contain  bacilli. 
A  few  bacilli  have  found  their  way  between  the  muscle 
fibres,  and  in  this  situation  also  they  are  generally 
contained  within  the  fixed  tissue  cells.  No  bacilli 
have  been  found  within  the  blood-channels.  Though 
the  oxyphil  leucocytes  still  constitute  almost  the 
whole  of  the  cellular  infiltration,  a  few  small  lympho- 
cytes have  made  their  appearance  at  some  parts  of  the 
periphery. 

No  bacilli  liave  been  found  in  the  specimens  of 
lungs,  liver,  kidneys,  and  spleen  ;  but  a  few  occur 
within  an  axillary  gland. 

Eight  Days. 

Compared  with  the  last  specimen  the  main  difference 
in  the  local  lesion  (Rabbit  1645)  is  that  it  has  spread 


much  more  extensively  into  the  surrounding  areolar 
tissue.  The  meshes  of  this  tissue  are  greatly  thickened, 
owing  to  an  increase  of  the  endothelial  and  connective 
tissue  elements  and  also  to  an  infiltration  of  leucocytes 
and  lymphocytes.  Many  of  the  fixed  tissue  cells  con- 
tain bacilli ;  but  the  leucocytes  are  also  active,  and  it  is 
noticeable  that  in  these  outlying  regions  a  greater 
proportion  of  leucocytes  contain  bacilli  than  was  the 
case  in  the  corresponding  situations  in  the  five  days' 
specimen.  Another  change  noted  in  the  peripheral 
areas  is  an  increase  in  the  number  of  lymphocytes. 
The  blood  capillaries  are  dilated  and  more  numerous 
than  before  ;  their  endothelium  is  also  more  swollen, 
but  no  bacilli  have  been  found  actually  within  their 
lumen.  Numerous  lymphocytes,  as  well  as  leucocytes, 
are  present  within  the  blood-channels.  The  central 
parts  of  the  lesion  still  contain  very  numerous  bacilli 
and  show  more  necrotic  change  ;  they  are  a  confused 
mass  of  broken  down  cells,  in  which  very  few  of  the 
leucocytes  present  have  retained  their  granules. 

No  bacilli  have  been  found  in  the  specimens  of 
lung,  liver,  kidney,  or  spleen.  In  an  axillary  gland, 
bacilli  are  scattered  in  small  numbers. 

Fourteen  Days. 

The  local  lesion  (Rabbit  1646)  shows  more  advanced 
necrotic  areas  and  a  decrease  of  the  number  of  bacilli  in 
these  situations.  The  number  of  leucocytes  also  shows 
a  diminution,  whilst  the  tissue  outside  the  necrotic  areas 
shows  an  increase  both  of  fibroblasts  and  of  lympho- 
cytes. Some  of  the  blood-capillaries  are  cut  oif 
amongst  necrosing  tissue  and  appear  to  be  breaking 
down. 

No  bacilli  have  been  found  in  the  specimens  of 
lung  or  kidney.  One  bacillus  has  been  found  in  a 
minute  lesion  in  the  liver  and  one  in  the  spleen.  In  a 
scapular  gland  there  is  extensive  necrotic  change  ; 
bacilli  are  abundant,  and  have  commenced  to  form 
rosettes. 


III.— Terminal  Results  of  the  Infection  of  Rabbits  by  Avian  Tubercle  Bacilli. 

Dissemination  of  Bacilli. 

After  Feeding.  After  Intraperitoneal  Inoculation. 

In  the  lungs  bacilli  are  usually  distributed  in  large 
numbers.  They  are  extremely  abundant  in  the  liver, 
spleen,  and  lymphatic  glands  ;  they  have  always  been 
found  in  the  kidneys,  but  in  this  organ  their  number 
is  relatively  small,  being  on  the  whole  rather  less  than 
the  number  present  in  the  lungs.  It  will  be  seen 
from  these  results  that  the  intraperitoneal  method  of 
infection  is  followed  by  much  more  abundant 
dissemination  than  either  of  the  two  former  methods. 

After  Intravenous  Inoculation. 

General  dissemination  follows  inoculation  by  this 
method,  and  unless  the  dose  is  very  small  bacilli  are 
found  in  large  numbers  in  all  the  organs  except  the 
kidneys,  where  they  are  relatively  scanty.  After  a 
minute  dose  ('001  mg.)  general  dissemination  occurs, 
but  the  bacilli  tend  to  be  localised  in  caseous  nodules, 
and  do  not  attain  to  the  enormous  numbers  found 
after  inoculation  with  a  larger  dose  (1  mg.). 

labular  Statement. 

The  following  table  exhibits  the  above  results  in 
detail  : — 


DISSEMINATION  OF  AVIAN  BACILLI  IN  THE  RABBIT. 


Mode  of 

o  a  . 

O  .2  c3 

Virus. 

Dose. 

Number 

of 
Animal. 

Presence  or  Absence  of  Bacilli  in  Various  Organs. 

Infection. 

Curat: 
Exper 
in  E 

Lungs. 

Liver. 

Kidneys. 

Other  Organs 
Examined. 

Feeding 

91 

A  VII. 

10  mg. 

1282 

Absent 

1  T.B.  found 

Absent 

Absent  in 
spleen. 
Scanty  in 
intestinal 
walls. 

When  the  dose  is  small  (from  1  to  20  mg.  of  culture) 
this  appears  to  be  a  relatively  mild  method  of  infec- 
tion. A  few  minute  foci,  in  which  bacilli  occasionally 
occur,  may  be  found  in  the  lungs  ;  in  the  liver,  caseous 
tubercles  of  a  chronic  type  have  been  found,  but 
bacilli  are  sjanty  ;  in  the  kidneys  a  few  caseous 
tubercles  may  be  found,  and  many  contain  rather 
more  bacilli  than  corresponding  lesions  in  the  liver. 
In  no  situation  have  large  deposits  of  bacilli  been 
found. 

After  Subcutaneous  Inoculation. 

In  the  lungs  consolidated  or  caseous  foci  are  often 
present,  but  these  are  usually  small  and  do  not  con- 
tain many  bacilli ;  in  only  one  specimen  has  a  nodule 
been  found  which  contains  bacilli  in  large  numbers. 
In  the  liver  srr.all  lesions  are  usually  numerous,  but 
do  not  contain  many  bacilli.  The  kidneys  are  fre- 
quently affected,  and  sometimes  fairly  large  caseous 
lesions  are  found,  but  on  the  whole  bacilli  are  scanty, 
though  more  numerous  than  in  the  liver.  In  some 
of  the  lymphatic  glands  bacilli  may  be  found  in  very 
large  numbers.  On  the  whole,  therefore,  bacilli  are 
disseminated  more  freely  than  after  feeding,  but  do 
not  invade  the  organs  in  large  numbers. 
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DISSEMINATION  OF  AVIAN  BACILLI  IN  THE  RABBIT— oonthnted. 


Mode  of 

Duration  of 
Experiment 
in  Days. 

Virus. 

Dose. 

Number 
of 

Animal. 

Presence  or  Absence  of  Bacilli  in  Various  Organs. 

Infection. 

Lungs. 

Liver. 

Kidneys. 

Other  Organs 
Examined. 

Feeding 

163 

A  I. 

1  mg. 

1090 

Absent 

Absent 

Absent 

Absent  in  a 
mesenteric 
gland. 

Feeding 

195 

P  XXI. 

20  mg. 

1092 

Rare 

Rare 

Fairly  numer- 
ous. 

Feeding 

323 

P  XLIV. 

10  mg. 

1180 

Rare 

Bacilli  absent. 
Small  caseous 
lesions. 

A  caseous 
tubercle 
containing 
several 
bacilli. 

Subcutaneous 

36 

PII. 

250  mg. 
of  dead 
bacilli. 

1541 

One  small  group 

Scattered  in 
small  numbers. 

Absent 

Absent  in 
spleen. 

Subcutaneous 

52 

A  V. 

10  mg. 

956 

Absent 

Many  lesions 
containing 
few  bacilli. 

Several  le- 
sions con- 
taining few 
bacilli. 

Abundant  in 
a  bronchial 
gland. 

Subcutaneous 

69 

P  II. 

5  mg. 

326 

Several  lesions 
containing  few 
bacilli. 

Many  lesions 
containi  ng 
few  bacilli. 

Nvxmerous 

Dense  masses 
in  a  mesen- 
teric gland. 

Subcutaneous 

155 

P  XXI. 

1  mg. 

878 

Scanty 

Not  examined 

Rather  scanty 

Scanty  but 
generally 
distributed 
in  the 
spleen. 

iBubcutaneous 

168 

A  V. 

10  mg. 

957 

Abundant  in  one 
large    lesion  ; 
scanty  else- 
where. 

Rare 

Absent 

Absent  in 
spleen. 

Intraperitoneal 

13 

P  11. 

50  mg. 
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Numerous 

Dense  masses 

Scanty 

Dense  masses 
in  the  spleen 
and  a  mesen- 
teric gland. 

Intraperitoneal 

22 

P  II. 

1  mg. 

292 

Abundant  small 
colonies. 

Dense  masses 

Many  small 
groups. 

Dense  masses 
in  the  spleen 
and  a  mesen- 
teric gland. 

Intraperitoneal 

28 

A  V. 

1  mg. 

959 

Scanty 

Generally  dis- 
tributed, but 
only  in  mi- 
nute groups. 

Scanty 

Abundant  in 
a  sternal 
gland. 

Intraperitoneal 

37 

P  XLIV. 

1  mg. 

1183 

Moderately 
numerous. 

Dense  masses 

Fairly  numer- 
ous. 

Dense  masses 
in  a  mesen- 
teric gland. 

Intravenous 

18 

A  X. 

1  mg. 

1791 

Numerous 

Dense  masses 

Rather  scanty 

Dense  masses 
in    spleen  ; 
numerous  in 
a  bronchial 
gland. 

Intravenous 

25 

P  XXVII. 

1  mg. 

775 

Numerous 

Dense  masses 

Scanty 

Dense  masses 
in  a  mesen- 
teric gland. 

Intravenous 

36 

P  II. 

50  mg. 
of  dead 
bacilli. 

1538 

2  T.B.  found 

2  T.B.  found 

Absent 

A  few  single 
bacilli  in  the 
spleen. 

Intravenous 

36 

PII. 

50  mg. 
of  dead 
bacilli. 

1539 

Distributed  in 
small  numbers. 

A  few 

Absent 

Distributed  in 
small  numbers 

Intravenous 

36 

PIT. 

10  mg. 

of  dead 
bacilli. 

1540 

Absent 

Very  rare 

Absent 

Very  rare  in 
the  spleen. 

Intravenous 

140 

P  XXI. 

•001  mg. 

880 

Caseous  nodules, 
some  of  which 
contain  many 
bacilli. 

Caseous  no- 
dules con- 
taining few 
bacilli. 

Caseous  no- 
dules con- 
t  a  i  n  i  n  g 
fairly  nu- 
m  e  r  0  u  s 
bacilli. 

Moderate  ly 
numerous  in 
spleen. 
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Destruction,  Arrest,  and 

In  the  Lungs. 

In  the  specimens  where  no  bacilli  have  been  found, 
abnormalities,  such  as  slight  thickenings  of  the 
alveolar  walls  sometimes  occur ;  but  there  are  no 
^tissue  changes  which  definitely  point  to  the  former 
presence  of  tubercle  bacilli ;  and  from  the  general 
condition  of  the  animals  there  has  been  no  reason  to 
suppose  that  many  bacilli  have  previously  been  carried 
to  the  lungs. 

In  several  specimens  bacilli  are  present  but  scanty. 
Under  these  conditions  the  bacilli  are  associated  with 
lesions  which  indicate  that  the  reaction  of  the  tissues 
has  detained  the  bacilli  in  situ.  In  these  lesions, 
which  sometimes  are  no  more  than  small  collections 
of  lymphocytes  and  leucocytes  and  sometimes  are 
larger  areas  showing  early  caseation,  bacilli  may  be 
found  which  stain  irregularly  and  appear  to  be  disin- 
tegrating, but  more  usually  the  bacilli  are  normal  in 
appearance  and,  from  their  arrangement  in  twos  and 
threes,  appear  to  be  slowly  multiplying.  And  where 
bacilli  are  scanty  in  the  lungs  the  coudition  of  the 
other  organs  indicates  that  the  lungs  have  not  been 
likely  to  receive  many  bacilli  from  other  sources.  The 
conclusion  appears  to  be  that  bacilli  are  not  readily 
destroyed  in  the  lungs,  even  when  they  only  reach  that 
organ  in  scanty  numbers. 

In  a  few  cases  the  lungs  contain  discrete,  ex- 
tensively caseous  nodules  ;  and  bacilli  are  confined  to 
these  situations.  Rabbit  880,  killed  140  days  after 
intravenous  inoculation  with  '001  mg.,  is  a  good 
example.  Here  the  small  dose  of  bacilli  originally 
conveyed  to  the  lungs  has  been  arrested  and  has  set 
up  chronic  lesions  within  which  the  bacilli  have 
multiplied.  They  do  not,  however,  form  the  colonies 
of  short,  straight  bacilli  typical  of  luxuriant  growth, 
but  are  often  long  and  irregularly  stained,  an 
indication  that  they  have  been  growing  under 
difficulties. 

Finally,  the  lungs  sometimes  contain  large  numbers 
of  bacilli  which  are  multiplying  freely,  are  not  limited 
to  definite  lesions,  and  have  produced  relatively  little 
tissue  destruction.  This  condition  is  always  associated 
with  dense  multiplication  of  the  bacilli  in  other  parts 
of  the  body,  and  the  condition  of  the  lungs  may  be 
explained  partly  by  a  general  lowering  of  the  animal's 
-resistance  and  partly  by  the  frequency  with  which 
bacilli  are  being  carried  to  the  lungs  from  other 
sources. 

In  the  Liver. 

The  rabbit's  liver  is  very  highly  susceptible  to  the 
avian  bacillus.  In  some  cases,  where  the  number  of 
bacilli  carried  to  the  liver  has  probably  been  very 
small,  suspicious  lesions  are  found,  though  no  bacilli 
are  demonstratable.  It  is,  therefore,  possible  that 
bacilli  arrested  in  this  organ  may  sometimes  be 
destroyed.     And  after   the   less   severe   modes  of 

Reaction  of  the 

Leucocytes  and  Small  Lymphocytes. 

Rahhit  1092 — In  the  lungs  bacilli  are  very  rare,  but 
both  where  these  occur  and  throughout  the  rest  of 
the  tissue  leucocytes  and  small  lymphocytes  ^ve 
generally  distributed  in  fairly  large  numbers.  In 
both  the  liver  and  the  kidney  caseous  foci  are  present, 
bacilli  being  rare  in  the  former  organ  but  fairly 
numerous  in  the  latter  ;  in  both  organs  there  is  a 
general  infiltration  of  lymphocytes  and  leucocytes 
and  large  numbers  of  these  cells  surround  the  lesions. 

Rabbit  956. — The  liver  contains  many  lesions  which 
are  commencing  to  caseate,  and  contain  few  bacilli  ; 
in  the  interior  of  these  foci  leucocytes  and  lympho- 
cytes are  present  in  fairly  large  numbers.  The  lesions 
found  in  the  kidney  are  in  the  same  condition. 

Rabbit  326. — The  lungs  are  congested  and  contain 
numerous  small  consolidated  foci  in  which  bacilli  are 
scanty  ;  within  the  lesions  and  also  in  the  rest  of  the 
tissue  leucocytes  and  small  lymphocytes  are  numerous  ; 
a  few  of  the  leucocytes  contain  bacilli.  The  liver 
contains  many  small  lesions  which  are  invaded  with 
lymphocytes  and  leucocytes  and  contain  few  bacilli  ; 
the  lymphocytes  are  in  excess  of  the  leucocytes.  The 
lesions  in  the  kidneys  are  rather  more  extensively 
caseous  than  in  the  liver  and  contain  more  bacilli  ;  at 


Multiplication  of  Bacilli. 

infection  lesions  may  be  numerous  in  the  liver  but  the 
number  of  bacilli  in  each  may  be  scanty.  It  therefore 
appears  that  a  certain  amount  of  resistance  has  to  be 
overcome  before  the  bacilli  can  grow  freely  in  this 
organ.  But  the  usual  result,  in  the  severe  infections, 
is  to  find  that  the  bacilli  have  grown  with  extreme 
luxuriance  ;  they  appear,  in  histological  specimens,  as 
a  pure  culture  grown  in  an  eminently  favourable 
medium. 

In  the  Kidneys. 

Bacilli  are  often  arrested  in  the  kidneys  in  the 
milder  infections  and  invariably  in  the  severer  infec- 
tions. In  this  organ  it  is  usually  found  that  they  set 
up  lesions  of  a  chronic  type,  which  after  a  certain 
stage  begin  to  caseate.  In  many  of  these  lesions 
bacilli  are  scanty,  but  in  a  few  of  the  largest  it  is 
found  that  they  have  multiplied  very  considerably, 
though  not  forming  dense  colonies  or  rosettes.  In 
some  cases  bacilli  are  irregularly  distributed  in  the 
kidney  without  causing  well-defined  lesions  and  have 
frequently  grown  into  small  colonies  ;  this  condition 
is  associated  with  the  luxuriant  growth  of  bacilli  in 
other  parts  of  the  body.  It  appears,  therefore,  that 
when  the  general  bodily  resistance  of  the  animal  is 
lowered  bacilli  may  grow  more  freely  in  the  kidney 
and  cause  less  tissue  change.  But  it  is  also  note- 
worthy that  when  other  organs  contain  dense  masses 
of  bacilli  the  number  of  bacilli  in  the  kidneys  is 
always  relatively  small  and  may  be  scanty. 

In  the  Spleen  and  Lymphatic  Glands. 

The  lymphatic  glands  examined  show  that  when  the 
avian  bacillus  gains  access  to  these  organs  it  multi- 
plies very  abundantly.  The  spleen  reacts  very  much 
in  the  same  way  as  the  liver  ;  in  severe  infections  it 
is  crowded  with  dense  colonies  of  bacilli. 

In  the  Blood-Vessels. 

In  the  milder  infections  bacilli  are  generally  absent 
from  the  blood-vessels  ;  but  occasionally  a  few  have 
been  found  in  infections  of  a  more  or  less  inter- 
mediate type  where  bacilli  are  numerous  in  some 
organs  but  scanty  in  others  :  e.g.,  a  few  free  bacilli 
have  been  found  in  vessels  of  the  lungs  of  Rabbit  326, 
though  this  tissue  as  a  whole  does  not  contain  many 
bacdli. 

In  the  more  severe  infections,  where  bacilli  are 
abundant  in  the  tissues,  bacilli  are  readily  found  in 
the  blood-vessels,  either  singly,  in  small  groups,  or 
occasionally  in  small  colonies.  Frequently  the  bacilli 
are  not  enclosed  within  cells,  but  they  are  also  com- 
monly found  in  small  groups  within  detached  endo- 
thelial cells  ;  they  are  rarely  found  within  circulating 
leucocytes. 

Tissue  Cells. 

the  periphery  of  the  lesions  lymphocytes  are  abundant 
and  leucocytes  are  relatively  scanty.  A  mesenteric 
gland  contains  very  large  numbers  of  bacilli  and  is 
extensively  caseous;  1  there  are  many  broken  down 
leucocytes  in  the  lesions  but  leucocytes  which  retain 
their  oxyphil  protoplasm  are  not  numerous. 

Rabbit  957. — The  lungs  contain  many  caseating  foci 
in  most  of  which  bacilli  are  scanty  ;  the  lesions  con- 
tain numerous  leucocytes.  In  the  liver  bacilli  are  rare, 
but  there  are  several  minute  lesions  in  which  lympho- 
cytes are  much  in  excess  of  leucocytes. 

Rabbit  294. — In  the  lungs  bacilli  are  scattered 
throughout  the  tissue,  and  are  abundant  in  some  of 
the  consolidated  patches  ;  leucocytes  are  distributed 
generally  in  large  numbers,  but  show  no  close  asso- 
ciation with  the  bacilli.  Bacilli  are  disseminated 
throughout  the  liver  in  large  numbers,  and  have 
grown  everywhere  into  colonies  with  the  characteristic 
rosette  formation  ;  leucocytes  are  also  very  numerous 
throughout  the  specimen,  and  sometimes  contain 
bacilli  ;  small  lymphocytes  are  less  common  than  the 
leucocytes. 

Rabbit  292. — The  lungs  are  in  a  semi  solid  con- 
dition ;  throughout  their  substance  bacilli  are  thickly 
scattered,  and  have  grown  into  colonies  ;  leucocytes  are 
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very  abundant,  and  sometimes  contain  bacilli  ;  small 
lymphocytes  are  also  numerous.  The  liver  is  crowded 
with  dense  masses  of  bacilli;  oxyphil -leucocytes  are 
scattered  about  the  tissue,  but  not  in  very  large 
numbers  ;  they  are  most  numerous  where  caseous 
change  is  commencing  ;  a  few  of  tbe  leucocytes  con- 
tain bacilli ;  lymphocytes  are  slightly  more  numerous 
than  tbe  leucocytes.  In  the  kidneys  there  are 
numerous  small  groups  of  bacilli,  which  occur  some- 
times in  glomeruli  and  sometimes  in  the  interstitial 
tissue  ;  surrounding  the  bacilli  there  are  aggregations 
of  leucocytes  and  lymphocytes  ;  the  leucocytes  are 
plentiful,  and  a  few  of  them  contain  bacilli.  The 
spleen  is  crowded  with  groups  of  bacilli,  and  shows  a 
marked  leucocytosis  ;  many  of  the  leucocytes  contain 
bacilli.  In  a  mesenteric  gland,  where  also  bacilli  are 
very  abundant,  there  is  an  aggregation  of  oxyphil 
leucocytes  external  to  the  colonies  of  bacilli. 

Eohh't  11S3. — In  the  lungs  there  is  a  general  dis- 
tribution of  bacilli  in  moderate  numbers,  and  leuco- 
cytes are  plentiful,  but  are  not  specially  attracted  to 
the  eirly  tubercles  to  which  the  bacilli  have  given 
rise.  The  liver  is  crowded  with  dense  masses  of 
bacilli  which  have  produced  relatively  little  tissue 
destruction  ;  lymphocytes  and  leucocytes  are  present 
in  the  lesions,  the  former  being  in  excess  of  the 
latter  ;  the  leucocytes  are  not  very  numerous,  and 
relatively  few  of  them  contain  bacilli. 

Rahhit  775. — In  the  lungs  bacilli  are  numerous,  bui 
are  rarely  found  within  leucocytes  ;  these  cells  are 
not  very  plentiful.  The  liver  is  crowded  with  dense 
masses  of  bacilli ;  leucocytes  are  not  numerous,  but 
some  of  them  contain  bacilli. 

Ruhbit  880. — In  the  lungs  leucocytes  are  rather 
scanty,  but  a  few  occur  both  in  the  caseous  nodules 
and  in  the  rest  of  the  tissue  ;  small  lymphocytes  are 
rather  more  numerous.  In  the  lesions  found  in  the 
liver  small  lymphocytes  are  numerous,  but  leucocytes 
are  scanty.  The  kidneys  contain  caseous  and  slightly 
caseoas  lesions  in  which  leucocytes  are  very  numerous. 

Plasma  Cells. 

These  cells  have  not  been  found  in  very  larj^e 
numbers  in  the  lungs.  They  occur  at  the  periphery  of 
same  of  the  caseating  lesions  but  are  not  usually 
numerous  and  in  some  specimens  none  have  been  found. 
Collections  of  these  cells  have  not  been  observed  at 
the  periphery  of  bronchioles  or  blood-vs'sels.  The  cells 
found  which  react  to  Pappenheim's  stain  are  usually  of 
more  or  less  spherical  outline,  and  not  compressed  or 
elongated.  Plasma  cells  occur  in  the  interlobular 
tissue  of  some  of  the  severely  affected  livers  but  are 
not  a  conspicuous  feature  within  or  at  the  periphery 
of  the  lesions.  Similarly  in  the  kidneys  these  cells 
are  not  numerous  in  association  with  tbe  tubercles, 
but  occur,  though  not  generally  in  large  numbers,  in 
tbe  specimens  showing  patches  of  early  cellular  in- 
filtration. On  the  whole,  it  seems  that  the  avian 
bacillus  does  not  stimulate  a  large  production  of 
plasma  cells  in  the  rabbit. 

Endothelial  Cells. 

In  none  of  the  specimens  showing  advanced  lesions  is 
there  any  indication  that  the  avian  bacillus  stimulates 
the  endothelial  cells  to  proliferate  by  mitotic  division, 
and  there  is  nowhere  any  tendency  to  the  formation  of 
new  capillaries.  In  lesions  which  have  become  definitely 


caseous  the  pre-existing  capillaries  are  obliterated  ;  and 
in  earlier  lesions,  breaks  of  continuity  sometimes  occur 
in  the  capillary  wall'-',  notably  in  the  liver,  the  i-esult 
being  a  small  extravasation  of  blood,  frequently 
accompanied  by  a  small  deposit  of  fibrin.  The 
endothelial  cells  are  capable  of  ingesting  bacilli  and 
may  become  detached  from  the  vessel  wall  ;  these  cells, 
containing  one  or  more  bacilli,  are  frequently  seen 
amongst  the  free  contents  of  the  larger  vessels. 

In  lesions  found  in  the  lungs  the  endothelial  cells 
are  often  swollen  and  show  a  tendency  to  increase 
of  their  nuclei  by  direct  division,  but  this  increase 
is  not  sufficiently  pronounced  to  lead  to  large 
accumulations  of  nuclei.  In  the  liver,  except 
when  obliterated  bv  caseation,  the  endothelial  calls 
appear  to  be  remarkably  indifferent  to  the  presence 
even  of  large  numbers  of  bacilli  ;  they  may  remain 
unaltered  or  they  may  become  swollen,  but,  in  these 
advanced  stages  of  infection,  they  show  no  signs  of 
active  increase,  and  rarely  signs  of  amitotic  nuclear 
division  or  of  fusion  with  adjacent  parenchymatous 
cells.  In  the  kidneys  very  little  active  change  has 
been  found  in  the  endothelial  cells.  In  lymphatic 
glands  and  spleens  these  cells  sometimes  show  a  slight 
tendency  to  nuclear  division  by  amitosis  and  give  rise 
to  small  nuclear  accumulations  resembling  giant  cells  ; 
but  this  tendency  does  not  constitute  a  prominent 
feature  of  the  lesions. 

EpHlielial  Cells. 

When  consolidated  foci  are  formed,  the  lung 
epithelium  swells  up,  and  the  nuclei  of  the  cells 
sometimes  divide  amitotically,  but  these  divisions  are 
not  abundant.  The  cells  of  the  pulmonary  epithelium 
often  contain  bacilli. 

Tbe  liver  cells  are  the  favourite  site  for  the  multi- 
plication of  bacilli,  which  often  grow  into  a  colony  " 
within  the  interior  of  a  cell.  Sometimes  the  nucleus 
is  thrust  to  one  side,  and  sometimes  the  bacilli  form  a 
ring  with  the  nucleus  in  the  centre.  The  nuclei  of 
liver  cells  which  contain  bacilli  show  a  tendency,  often 
very  strongly  marked,  to  divide  amitotically  ;  the 
group  of  nuclei  thus  formed  is  a  conspicuous  object, 
particularly  when  surrounded  by  a  complete  circle  of 
bacilli. 

No  definitely  active  change  has  been  observed  in 
the  renal  epithelium. 

Fibroid  and  Caseous  Changes. 

Though  caseous  foci  have  been  noted  in  a  great 
many  of  the  chronic  lesions,  the  amount  of  caseous 
degeneration,  relatively  to  the  enormous  number  of 
bacilli  present  in  some  tissues,  is  remarkably  small 
in  acute  infections.  This  is  particularly  the  case 
with  the  liver,  where  the  whole  tissue  may  be 
crowded  with  colonies  of  bacilli  without  showing 
any  completely  necrotic  or  caseous  foci.  The  lym- 
phatic glands  appear  to  be  the  organs  whicli  give 
way  to  caseous  degeneration  most  readily.  In  com- 
pletely caseous  areas  the  bacilli  are  generally  scattered 
about  irregularly  and  do  not  exhibit  the  characteristic 
rosette  formation. 

The  amount  of  fibroid  change  is,  on  the  whole, 
small.  Fibroblasts  are  found  at  the  periphery  of 
caseous  lesions,  but  even  in  the  milder  infections 
these  are  not  walled  in  by  a  broad  fibrous  zone.  And 
in  the  majority  of  the  lesions  which  contain  numerous 
bacilli  and  show  little  or  no  caseous  change,  fibroblasts 
are  few  or  absent. 


In  early  stages  after  intravenous  inoculation  the 
lungs  show  irritant  effects  similar  to  those  found 
after  intravenous  inoculation  of  mammalian  bacilli. 
During  the  second  week  slightly  caseous  foci  make 
their  appearance  and  resemble  those  produced  by 
mammalian  bacilli  of  relatively  low  virulence.  Leuco- 
cytes are  in  excess  of  the  normal,  but  only  a  few  are 
found  to  contain  bacilli.  The  characteristic  of  the 
livers  is  that  the  bacilli  rapidly  make  their  way  into 
the  parenchyinatous  cells  and  there  commence  to 
grow.  Their  invasion  is  accompanied,  particularly  at 
the  outset,  by  protoplasmic  degeneration  of  the  paren- 
chymatous cells  and  swelling  up  of  the  surrounding 
endothelial  cells,  but  this  tissue  reaction  soon  subsides 
and,  whilst  the  bacilli  continue  to  grow  within  the 
liver  cells,  at  this  stage  little  further  change  is  pro- 


duced in  the  tissue.  In  these  early  stages  of  invasion, 
the  nuclei  of  both  endothelial  cells  and  liver  cells, 
more  particularly  of  the  latter,  show  a  tendency  to 
increase  by  direct  division.  No  lesions,  but  a  few 
bacilli,  have  been  found  in  the  kidneys.  Like  the 
liver,  the  spleen  is  highly  favourable  to  the  growth  of 
bacilli,  which  arrive  in  this  organ  in  fairly  large  num- 
bers during  the  first  24  hours  and  progressively  increase 
from  this  time  onwards.  At  the  end  of  a  fortnight 
numerous  colonies  and  rosette  formations  are  found. 
The  amount  of  tissue  damage  is  slight,  but  there  are 
numerous  minute  areas  of  partial  necrosis.  The 
endothelial  cells  in  affected  areas  swell  up,  their  proto- 
plasm degenerates,  and  their  nuclei  often  increase  by 
direct  division. 

During   the   first   fortnight    after  subcutaneous 
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inoculation  there  is  very  little  microscopic  evidence  of 
dissemination,  and  the  condition  of  the  local  lesions  is 
very  similar  to  that  found  after  subcutaneous  inocu- 
lation with  mammalian  bacilli. 

In  later  stages  of  infection  it  is  found  that  both 
after  feeding  and  after  subcutaneous  inoculation  the 
bacilli  disseminate,  but  not  readily  and  not  in  large 
numbers.  But  after  intraperitoneal  inoculation  the 
dissemination  is  abundant.  General  dissemination 
and  very  profuse  multiplication  of  bacilli  is  also  the 
rule  after  intravenous  inoculation,  but  when  the  dose 
inoculated  is  very  small  the  bacilli  tend  to  be  localised 
in  caseous  nodules  and  their  growth  is  much  more 
restricted. 

The  histological  features  found  in  the  later  and  in 


the  fatally  terminated  cases  may  be  divided  broadly  ' 
into  two  classes.  There  is  the  dissemination  of 
chronic  caseous  tubercles,  found  after  subcutaneous 
inoculatioQ  and  after  feeding  ;  and  there  is  the  diffuse 
distribution  with  enormous  multiplication  of  bacilli, 
within  parenchymatous  cells  and  not  accompanied  by 
tubercle  formation,  which  is  the  characteristic  of 
intravenous  and  intraperitoneal  inoculations.  The 
chronic  lesions  present  no  diagaostic  difference  from 
chronic  lesions  produced  by  mammalian  bacilli.  The 
distinctive  features  of  the  acute  infections  are  the 
freedom  with  which  bacilli  circulate  in  the  blood- 
stream, their  very  abundant  multiplication  within 
parenchymatous  cells,  the  absence  of  tubercle  forma- 
tion, and  the  slight  amount  of  tissue  destruction. 


C.-IN  GUINEA-PIGS. 


The  specimens  examined  illustrate  the  relatively 
small  amount  of  tissue  damage  which  the  avian  bacillus, 
by  subcutaneous  or  intraperitoneal  inoculation,  pro- 
duces in  the  guinea-pig,  as  compared  with  mammalian 
bacilli,  and  the  relative  scarcity  of  bacilli  found  in  the 
tissues. 

These  results  appear  to  be  characteristic  of  the 
reaction  of  the  guinea-pig  towards  the  avian  bacillus 
and  to  be  independent  of  the  dose.  Guinea-pig  1494, 
for  example,  was  inoculated  intraperitoneally  with  the 
whole  of  a  culture  ;  but  37  days  afterwards  the  bacilli 
were  scanty  in  the  lung  and  were  evidently  in  process 
of  destruction  ;  they  were  only  present  in  small 
numbers  in  the  liver  and  spleen,  and  none  were  found 


in  the  kidneys  ;  in  a  mesenteric  gland,  however,  they 
were  fairly  numerous.  The  bacilli  had  produced 
small  patches  of  slight  necrosis,  which  were  infiltrated 
with  leucocytes  and  lymphocytes,  but  there  was  no 
formation  of  lesions  typical  of  mammalian  tuber- 
culosis. 

The  susceptibility  of  the  various  organs  examined 
appears  to  be  proportionate  to  that  observed  after 
infection  with  mammalian  bacilli,  though  less  in 
degree  ;  the  kidneys  are  again  conspicuous  by  their 
high  powers  of  resistance. 

These  general  results  are  put  together  in  the  follow- 
ing table  : — 


DISSEMINATION  OF  AVIAN  BACILLI  IN  THE  GUINEA-Pia. 


Mode  of 

ton  of 
ments 
'ays. 

Virus. 

Dose. 

Number 

of 
Animal. 

Presence  or  Absence  of  Bacilli  in  Various  Organs. 

Infection. 

Durat: 
Experi 
in  D 

Lungs. 

Liver. 

Kidneys. 

Other  Organs 
Examined. 

Subcutaneous 

54 

PIL 

1  mg. 

1532 

Absent 

Bacilli  ab- 
sent ;  many 
slightly 
caseous  foci. 

Absent 

No  bacilli  or 
lesions  found 
in  the  spleen. 

Subcutaneous 

lO'J 

A  V. 

Emulsion  of 
pheasant's 
liver. 

1962 

Scanty 

Bacilli  ab- 
sent ;  a  few 
caseous  foci. 

Absent 

Bacilli  rather 
scanty  in  a 
portal  gland. 

Intraperitoneal 

19 

P  II. 

5  mg. 

1533 

Fairly  numer- 
ous. 

Fairly  numer- 
ous. 

Scanty 

Intraperitoneal 

37 

P  II. 

1  glycerin- 
serum  cul- 
ture. 

1494 

Scanty ;  many 
fragments. 

Rather  scanty 

Absent 

Bacilli  are 
scanty  in  the 
spleen  but 
fairly  nu- 
merous in  a 
mesenteric 
gland. 

Intraperitoneal 

52 

A  VIII. 

1  mg. 

2503 

Small  groups 

Generally  dis- 
tributed in 
small  num- 
bers. 

Absent 

Bacilli  scanty 
in  the  spleen. 

Intraperitoneal 

57 

AVI. 

1  mg. 

2624 

Rare 

Scanty 

Absent 

Bacilli  are 
scanty  in  the 
spleen. 

Intraperitoneal 

180 

A  IV. 

1  mg. 

2131 

Absent 

Bacilli  ab- 
sent ;  some 
slightly 
caseous  foci. 

Absent 

Bacilli  ab- 
se n t  in  a 
mesenterie 
gland. 

^  Summary. 

After  subcutaneous  inoculation,  and  also  after  intra-  bacillus.  The  amount  of  tissue  damage  produced  by  tha 
peritoneal  inoculation,  the  guinea-pig  is  much  less  avian  bacillus  is  relatively  slight,  and  in  no  instance 
susceptible  to  the  avian  than  to  the  mammalian  tubercle     have  the  bacilli  increased  in  large  numbers. 
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D.— IN  OTHER  MAMMALS. 


Calves. 

After  intravenous  inoculation  with  a  large  dose  of 
culture  (10  mg.  or  more)  or  with  a  tissue  emulsion 
rich  in  bacilli,  rapidly  fatal  infection  is  produced  in 
young  calves.  It  is  associated  with  general  dissemina- 
tion and  abundant  multiplication  of  bacilli ;  the  bacilli 
often  grow  into  solid  clumps,  and  typical  rosettes  are 
also  found.  The  severity  of  the  infection  is  also 
shown  by  the  abundant  deposits  of  fibrin  which  fre- 
quently occur.  The  amount  of  tissue  destruction  is 
relatively  small,  and  there  is  an  absence  of  tubercle 
formation.  These  results  oifer  an  interesting  resem- 
blance to  the  condition  found  in  young  calves  which 
have  rapidly  succumbed  to  the  intravenous  inoculation 
of  strains  of  mammalian  bacilli  possessing  low  viru- 
lence for  the  boviue  when  inoculated  subcutaneously. 
Points  of  difference  are  that  with  the  avian  bacillus 
the  multiplication  of  bacilli  is  more  profuse  and,  as 
indicated  by  the  greater  frequency  of  fibrinous  de- 
posits, the  infection  is  rather  more  acute.  In  an 
exceptional  case,  Calf  566,  the  animal  survived  the 
intravenous  inoculation  of  avian  bacilli,  and  the  bacilli 
disappeared  from  most  of  the  organs. 

But  when  a  large  dose  (50  mg.)  of  the  avian 
bacillus  is  inoculated  subcutaneously,  not  more  than  a 
mild  degree  of  general  dissemination  is  produced,  and 
in  some  cases  the  disease  appears  to  have  been  almost 
limited  to  the  nearest  glands.  The  disseminated 
lesions  are  of  a  chronic,  and  generally  of  a  definitely 
retrogressive,  character.  Caseation  and  giant  cell 
formation  are  not  uncommon,  and  the  general  struc- 
ture of  some  of  the  lesions  is  indistinguishable  from 
that  of  chronic  tubercles  produced  by  mammalian 
bacilli.  Bacilli,  when  present  in  the  lesions,  are 
usually  not  numerous  ;  but  occasionally,  e.g.,  in  the 
portal  gland  of  Calf  412,  the  bacilli  in  some  of  the 
tubercles  have  multiplied  abundantly. 

Monkeys 

Like  the  calf,  the  monkey  is  highly  susceptible  to 
large  doses  (10  mg.  and  more)  when  inoculated  intra- 
venously, the  effect  usually  proving  fatal  in  less  than 
a  month.  The  amount  of  tissue  damage  is  relatively 
small,  and  there  is  no  formation  of  tubercles  ;  but  the 
bacilli  multiply  very  abundantly,  forming  dense 
clumps  and  rosettes,  particularly  in  the  liver  and 
spleen.  In  fact  the  general  features  of  the  infection 
resemble  those  produced  in  the  rabbit  by  intravenous 
inoculation.  As  with  the  rabbit  and  the  fowl,  the 
liver  and  spleen  of  the  monkey  are  more  favourable 
sites  than  the  lungs  for  the  profuse  multiplication  of 
the  avian  bacillus.  One  monkey,  inoculated  intra- 
venously with  a  smaller  dose  (1  mg.),  died  in  34  days 
but  revealed  only  scanty  deposits  of  bacilli. 

To  subcutaneous  inoculation  the  monkey  is  highly 
resistant,  and  histological  examination  of  most  of  the 
material  provided  has  yielded  negative  results.  In  one 
exceptional  case  (Monkey  118),  however,  subcutaneous 
inoculation  of  10  mg.  was  followed  by  acute  dissemi- 
nated tuberculosis  identical  witii  the  disease  produced 
by  virulent  mammalian  bacilli.  From  the  peculiar 
features  presented  by  this  case  no  definite  conclusions 
can  be  drawn. 

Feeding,  even  with  a  dose  as  large  as  500  mg., 
failed  to  produce  any  infection. 

Swine. 

Intravenous  inoculation  with  50  mg.  and  with  a 
tissue  emulsion  rich  in  bacilli  has  caused  fatal  infec- 
tion in  47  and  120  days  respectively.  The  bacilli  have 
disseminated  everywhere  in  enormous  numbers  and 
grown  into  dense  colonies  and  rosettes.  They  have 
caused  relatively  little  tissue  destruction,  but  giant 
cells  are  numerous. 

After  subcutaneous  inoculation  with  50  mg.,  no 
evidence  of  dissemination  was  found  in  one  animal 
(Pig  264)  ;  but  in  another  (Pig  180)  there  is  a  free 
distribution  of  bacilli  throughout  the  tissues,  and 
bacilli  are  found  circulating  in  the  blood-stream. 
Relatively  little  tissue  destruction  has  been  caused. 


The  bacilli  do  not  show  signs  of  copious  multiplica- 
tion except  in  a  mesenteric  gland,  where  they  are  very 
numerous  and  form  typical  rosettes. 

After  intraperitoneal  inoculation  also  the  results 
are  variable.  One  animal  (Pig  104),  after  a  dose  of 
10  mg.  shows  bacilli  distributed  in  small  numbers 
throughout  the  liver  and  a  mesenteric  gland  ;  there 
are  no  organised  tubercles,  but  numerous  giant  cells 
have  been  produced.  Another  animal  (Fig  182), 
inoculated  with  the  same  dose,  shows  general  dis- 
semination and  abundant  multiplication  of  bacilli, 
with  little  tissue  destruction,  in  all  the  organs  ex- 
amined except  the  kidneys. 

Divergent  results  are  also  obtained  after  feeding. 
In  two  animals,  fed  with  large  doses,  no  disseminated 
bacilli  have  been  found,  though  in  one  of  them  there 
are  a  few  retrogressive  tubercles  in  the  lungs.  In  a 
third  animal,  fed  with  the  same  virus  as  one  of  the 
former  but  with  100  mg.  instead  of  50  mg.,  the  general 
condition  indicates  a  very  fi'ee  circulation  of  bacilli  by 
the  blood-stream.  The  bacilli  have  multiplied  abun- 
dantly in  all  the  tissues,  but  have  caused  very  little 
tissue  destruction  and  have  not  led  to  the  formation 
of  tubercles. 


Goats. 

Intravenous  inoculation  with  doses  of  1  mg.  and 
10  mg.  has  produced  rapidly  fatal  infection  with 
general  dissemination  and  abundant  multipliciition  of 
bacilli  but  no  tubercle  formation  and  very  little 
tissue  damage. 

After  subcutaneous  inoculation  the  results  are 
irregular.  In  three  animals  doses  of  10,  50,  and  100  mg. 
have  produced  only  slight  evidence  of  dissemination  ; 
but  in  a  fourth  (Goat  48)  50  mg.  has  produced  general 
dissemination  and  abundant  multiplication  of  bacilli, 
with  typical  rosette  formations.  The  lungs  contain 
large,  progressive,  caseous  lesions,  but  in  the  other 
organs  the  amount  of  tissue  destruction  is  small  and 
there  are  no  tubercles.  Enormous  numbers  of  bacilli 
are  found  in  the  villi  of  the  small  intestine. 

Rats. 

The  rat  is  highly  resistant  to  subcutaneous  inocula- 
tion, but  the  bacilli  become  disseminated  aud  survive, 
though  without  active  multiplication,  for  a  very  long 
period. 

Intraperitoneal  inoculation,  even  with  the  relatively 
small  dose  of  1  mg.,  is  usually  followed  by  general 
dissemination  and  abundant  multiplication  of  bacilli, 
but  without  tubercle  formation. 

Other  Animals. 

In  a  cafe,  1  mg.,  inoculated  intraperitoneally  has 
produced  general  dissemination  and  enormous  multi- 
plication of  bacilli,  with  very  little  tissue  destruction. 

The  dog  appears  to  be  highly  i-esistant  both  to  sub- 
cutaneous and  to  intravenous  inoculation.  In  one 
animal,  subcutaneously  inoculated  with  25  mg.,  there 
are  a  few  small,  retrogressive  lesions  in  the  lungs  and 
liver,  but  very  few  bacilli  have  survived.  In  another 
dog,  the  intravenous  inoculation  of  50  mg.  produced 
remarkably  little  result.  The  bacilli  have  almost 
entirely  disappeared,  and  have  left  behind  only  minute 
retrogressive  lesions. 

Mice  react  in  the  same  way  as  rats  after  intra- 
peritoneal inoculation,  but  are  more  susceptible  to 
subcutaneous  inoculation. 

Ponies  are  highly  resistant.  Subcutaneously,  lOOmg. 
has  been  followed  by  small  deposits  of  bacilli  in  the 
spleen,  but  no  other  microscopic  evidence  of  dissemina- 
tion beyond  the  nearest  gland  ;  and  after  50  mg.  no 
microscopic  evidence  of  dissemination  has  been  found. 
After  feeding  with  GOO  mg.,  no  microscopic  evidence 
of  dissemination  beyond  the  glands  draining  the 
alimentary  tract  has  been  found.  After  10  mg.  intra- 
venously, an  animal  shows  general  dissemination  of 
bacilli  in  small  numbers,  but  no  evidence  of  progressive 
disease. 


Summary. 

After  intravenous    inoculation,   calves,   monkeys,     tissues,  circulates  freely  in   the   blood-stream,  and 

swine,  and  goats  are  highly  susceptible  to  the  avian  produces  rapidly  fatal  infection  without  tubercle 
bacillus,  which  multiplies  abundantly  throughout  the  formation. 
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Calves  are  highly  resistant  to  subcutaneous  inocula- 
tion, but  occasional  disseminated  tubercles  of  chronic 
type  are  found.  No  disseminated  tubercles  have  been 
found  in  monkeys  after  feeding,  and  only  in  one  case 
after  subcutaneous  inoculation.  In  swine  variable 
results  have  been  found  after  feeding,  after  subcu- 
taneous inoculation,  and  after  intraperitoneal  inocula- 
tion ;  in  some  instances  the  animals  have  evinced  high 


resistance,  but  in  others  the  infection  has  resembled 
that  produced  by  intravenous  inoculation.  In  goats, 
subcutaneous  inoculation  is  in  the  majority  of  cases 
followed  by  only  slight  evidence  of  dissemination,  but 
in  one  animal  severe  progressive  disease  has  been 
produced.  The  tissues  of  ponies  infected  subcutane- 
ously,  by  feeding  and  by  intravenous  inoculation, 
exhibit  very  little  evidence  of  dissemination. 


B -THE  ACTION  OP  THE  MAMMALIAN  LEUCOCYTE  UPON  THE  AVIAN  BACILLUS. 


In  order  to  obtain  soma  numerical  estimates  for  the 
purpose  of  controlling  my  statements  about  the  re- 
lations of  leucocytes  to  the  avian  bacillus,  a  series  of 
CDunts  has  been  made,  by  the  same  method  which  I 
adopted  for  tissues  infected  with  the  mammalian 
bacillus. 

81  counts  were  made,  viz.,  18  in  tissues  of  calves 
intravenously  inoculated,  42  in  rabbits,  and  21  in 
swine.  Some  observations  have  also  been  made  on 
goats. 

The  general  results  of  the  counts  indicate  that 
leucocytes  do  not  play  an  important  part  in  attacking 
the  avian  bacillus.  The  percentage  of  leucocytes  con- 
taining bacilli  is  low,  except  in  some  cases  where  the 
bacilli  are  present  in  overwhelming  numbers  and  have 
made  their  way  into  every  sort  of  cell  capable  of 
ingesting  them. 

In  the  tissues  of  intravenously  inoculated  calves, 
taking  only  the  cases  where  definite  estimates  could 
be  made,  it  was  found  that  in  an  area  containing  13,000 
leucocytes  738  bacilli  were  present  within  leucocytes, 
the  percentage  of  leucocytes  containing  bacilli  being 
2-5.  This  result  may  be  compared  with  the  counts 
made  on  calves  intravenously  inoculated  with  mam- 
malian bacilli,  where  it  was  found  that  in  a  area 
containing  27,000  leucocytes  695  bacilli  were  present 
within  leucocytes,  the  percentage  of  leucocytes  contain- 
ing bacilli  being  1'5. 

It  has  already  been  remarked  that  the  swine's 
leucocytes  ingest  mammalian  bacilli  rather  more 
frequently  than  the  leucocytes  of  the  bovine  or 
rabbit.  The  same  seems  to  be  true  for  the  avian 
bacillus,  since  I  have  found  that  in  an  area  containing 
16,000  leucocytes  the  percentage  of  leucocytes  con- 
taining bacilli  was  12-4.  But  too  much  weight  must 
not  be  attached  to  this  high  percentage  ;  it  has  been 
produced  by  the  inclusion  of  counts  where  the  whole 
of  the  tissue  was  swarming  with  bacilli,  a  condition 


not  found  in  any  of  the  swine  infected  with  mammalian 
bacilli. 

In  the  labbit  a  comparison  may  be  made  between 
the  action  of  the  leucocytes  on  the  avian  and  on  the 
mammalian  bacillus  during  the  first  fortnight  after 
intravenous  inoculation  with  1  mg.  of  culture.  The 
counts  after  avian  infection  show  that  in  an  area 
containing  17,000  leucocytes  10,431  bacilli  were  found  ; 
221  of  these  were  within  leucocytes,  the  percentage  of 
leucocytes  containing  bacilli  being  "7,  and  the  per- 
centage of  bacill  within  leucocytes  2'5.  The  counts 
after  mammalian  infection  show  that  in  an  area 
containing  37,000  leucocytes  8,133  bacilli  were  found; 
275  of  these  were  within  leucocytes,  the  percentage 
of  leucocytes  containing  bacilli  being  '7,  and  the 
percentage  of  bacilli  within  leucocytes  3'4. 

In  a  series  of  counts  on  the  tissues  of  rabbits  in  later 
stages  of  infection  with  the  avian  bacillus,  after 
various  modes  of  inoculation,  the  result  was  that  in  an 
area  containing  18,000  leucocjtes  335  bacilli  were 
found  within  leucocytes,  the  percentage  of  leucocytes 
containing  bacilli  being  1.  This  may  be  compared 
with  a  series  of  counts  on  the  tissues  of  rabbits  in 
later  stages  of  infection  with  mammalian  bacilli,  after 
intravenous  inoculation,  where  the  result  was  that  in 
an  area  containing  17,000  leucocytes  350  bacilli  were 
found  within  leucocytes,  the  percentage  of  leucocytes 
containing  bacilli  being  1'4. 

In  counts  made  on  the  tissues  of  goats  infected 
with  mammalian  bacilli,  the  number  of  bacilli  found 
within  leucocytes  proved  to  be  very  small  ;  and  in  the 
specimens  of  goats'  tissues  infected  with  avian  bacilli 
I  have  also  found  that  the  percentage  of  leucocytes 
containing  bacilli  is  low. 

The  general  conclusion  appears  to  be  that,  in  the 
animals  mentioned,  the  leucocytes  behave  towards  the 
avian  bacillus  very  much  in  the  same  way  as  they 
behave  towards  the  mammalian  bacillus. 


v.— COMPARISON  OP  RESULTS. 


A.— Bacteriological. 


When  grown  on  the  ordinary  test  media,  the 
diiferences  between  the  slimy  growths  of  the  avian 
tubercle  bacillus  and  the  dry  growths  of  the  mam- 
malian are  so  striking  that  there  can  be  no  hesitation 
in  pronouncing  the  organisms  to  be  bacteriologicaliy 
different.  And  it  is  often  easy  to  distinguish  between 
the  two  by  the  appearance  of  a  film  made  from  a 
culture,  owing  to  the  ready  way  in  which  the  avian 
bacilli  can  be  distributed  uniformly  over  the  cover- 
slip,  whereas  the  much  more  sticky  mammalian 
bacilli  tend  to  adhere  together  in  clumps. 


Morphologically  the  avian  bacillus  exhibits  more 
pleomorphism  than  the  mammalian,  and  more  fre- 
quently assumes  true  branching.  When  growing 
freely  in  the  tissues  the  avian  bacilli  are  generally 
very  short  and  are  often  distinguishable  from  mam- 
malian bacilli  by  their  assumption  of  a  rosette  form. 
But  when  growing  scantily  and  under  difficulties  the 
avian  bacillus  is  longer  and  often  stains  irregularly  ; 
under  these  conditions  it  is  indistinguishable,  morpho- 
logicallv,  from  the  mammalian  bacillus. 


B.— Histological. 


The  two  most  striking  differences  between  the 
action  of  avian  and  mammalian  bacilli  upon  the 
tissues  are  : — (1)  in  fowls,  after  intravenous  inocula- 
tion, the  avian  bacillus  multiplies  very  abundantly, 
whereas  the  mammalian  bacillus  either  dies  out 
completely  or  only  grows  with  difficulty  and  in 
scanty  numbers  ;  (2)  in  guinea-pigs,  after  subcu- 
taneous or  intraperitoneal    inoculation,   the  avian 


bacillus  usually  fails  to  grow,  whereas  the  mammalian 
grows  readilj  and  produces  disseminated  disease. 

The  above  differences  are  enough  to  make  it  clear 
that  the  effects  produced  by  the  two  varieties  of 
bacilli  are  different,  not  merely  in  degree,  but  in 
kind. 

The  special  feature  of  the  rabbit  is  that  it  is 
readily  susceptible  to  both  varieties  of  bacilli.  There 
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is,  however,  a  difference  to  be  found  in  the  acute 
infections.  Compared  with  the  mammalian,  the 
avian  bacillus  grows  more  abundantly,  produces  less 
tissue  destruction,  and  causes  much  less  inflammatory 
reaction  at  the  margin  of  the  lesions. 

With  regard  to  the  majority  of  other  mammals, 
the  tissues  of  which  I  have  investigated,  the  general 
results  may  be  summarised  by  stating  that  after 
intravenous  inoculation,  alike  with  avian  and  with 
mammalian  bacilli,  an  adequate  dose  produces  highly 
acute  disease,  which  is  not  typical  of  tuberculosis  ; 
after  other  methods  of  infection  the  avian  bacillus 
has  rarely  produced  progressive  or  disseminated 
disease,  and,  with  only  a  few  exceptions,  has  not 
succeeded  in  multiplying  in  the  tissues  ;  lesions  of  a 
chronic  type,  produced  by  the  avian  bacillus,  have, 
however,  sometimes  been  found,  and  some  of  these 
are  histologically  indistinouisbable  from  lesions  pro- 
duced by  mammalian  bacilli. 

Proceeding  to  further  details  in  which  my  histo- 
logical investigations  bring  to  light  specific  and  non- 
specific resemblances  or  differences  between  the  effects 
of  avian  and  those  of  mammalian  bacilli,  it  is  of 
interest  to  consider  the  manner  in  which  the  bacilli  in 
question  m^y  kill  their  animal  host. 

Taking  first  the  non-specific  irritant  effects  of  the 
avian  bacillus,  it  is  to  be  noted  that  in  young  calves 
which  have  died  after  intravenous  inoculation  with 
avian  bacilli  the  acute  inflammatory  condition  of  the 
lungs  is  suSicient  to  account  for  death.  In  this  con- 
nection it  must  be  borne  in  mind  not  only  that 
irritant  effects  on  the  lungs  are  inseparable  from  this 
mode  of  inoculation  but  also  that  the  pulmonary 
tissue  of  the  young  calf  is  extremely  susceptible  to 
inflammatory  processes.  Comparison  with  other 
animals  shows  that  the  production  of  death  through 
this  irritant  effect  on  the  lungs  is  exceptionally 
common  in  the  calf.  In  fowls,  which  have  died  as 
the  result  of  intravenous  inoculation  of  avian  bacilli, 
the  lungs  show  very  little  tissue  damage  as  compared 
with  other  organs.  In  rabbits  the  lungs  are  certainly 
damaged  by  intravenous  inoculation ;  in  the  early 
stages  there  is  congestion,  and  in  the  terminal  stage 
both  congestion  and  patches  of  consolidation  are 
found  ;  but  the  incidence  of  the  disease  falls  with 
greatest  severity  on  other  organs,  notably  the  liver 
and  spleen.  In  monkeys  also  the  liver  and  spleen  are 
the  organs  which  suffer  most  severely  after  intravenous 
inoculation,  whilst  the  amount  of  tissue  damage  in 
the  lungs  may  be  relatively  slight.  For  example,  in 
my  report  on  the  lungs  of  Monkey  198,  which  died 
28  days  after  intravenous  inoculation  with  100  mg.  of 
culture,  I  wrote  : — "  There  are  no  patches  of  con- 
solidation or  tissue  destruction  :  the  majority  of  the 
alveolar  walls  are  not  even  thickened,  but  appear 
perfectly  normal  in  structure,  though  they  contain 
large  numbers  of  bacilli.  The  absence  of  irritant 
action  on  the  part  of  the  bacilli  is  remarkable."  And 
regarding  the  lungs  of  Pigs  236  and  248,  which  died 
after  intravenous  inoculation,  I  wrote,  after  referring 
to  patches  of  thickening  and  consolidation  in  these 
lungs  : — "  The  bacilli  are  not  confined  to  these 
thickened  patches,  but  are  growing  freely  amongst 
otherwise  normal  alveolar  walls,  the  total  area  of 
which  is  largely  in  excess  of  the  consolidated  tissue." 
In  Goats  56  and  58,  which  died  after  intravenous 
inoculation,  a  good  deal  of  congestion  was  observed 
in  the  lungs. 

It  appears  from  the  foregoing  considerations,  that, 
when  artificially  introduced  into  the  circulation,  the 
avian  bacillus  may  kill  its  host  by  the  production  of 
an  acute  inflammatory  condition  of  the  lungs  but 
that,  with  the  exception  of  young  calves,  this  is  not 
the  usual  way  in  which  most  species  of  animals 
succumb  to  the  effects  of  the  avian  bacillus  even  when 
intravenously  inoculated.  Turning  to  organs  other 
than  the  lungs,  there  is  no  evidence,  in  any  of  the 
specimens  which  I  have  examined,  that  an  acute 
inflammatory  condition  has  been  produced. 
_  Next  there  is  a  class  of  cases,  where  fatal  infec- 
tion has  been  produced,  which  are  characterised  by  an 
enormous  multiplication  of  avian  bacilli,  associated 
with  relatively  little  tissue  destruction.  In  most  of 
these  the  bacilli  have  been  introduced  directly  into  the 
blood-stream,  but  in  some,  though  the  histological 
evidence,  post  mortem  points  to  free  circulation  in 
the  blood-stream,  some  other  mode  of  infection  had 
been  adopted.  In  these  cases  the  most  obvious 
eKplanation  is  that  the  profuse  growth  of  bacilli  at 


the  expense  of  the  tissue  cells  of  such  organs  as  the 
liver  and  spleen  produced  death  by  the  impairment 
of  function  of  vital  organs.  How  far  the  action  of 
a  bacterial  toxin  may  also  be  postulated  is  less  clear. 
Histological  examination  proves  that  there  is  not  the 
typicil  breaking  down  and  caseation  of  the  tissues 
which  is  associated  with  the  specific  toxicity  of  the 
tubercle  bacillus  :  and  I  do  not  know  of  any  evidence 
that  some  other  generally  diffusible  toxin  is  produced. 
The  production  of  death  by  a  profuse  multiplication 
of  avian  bacilli  is  the  common  result,  after  intravenous 
inoculation,  in  the  fowl,  the  rabbit,  and  the  monkey, 
and  is  also  met  with  in  swine  and  goats.  I  have  also 
observed  it  after  intraperitoneal  inoculation  in  the 
fowl,  rabbit,  and  cat  ;  after  feeding,  in  the  case  of 
Pig  178,  and  after  intraperitoneal  inoculation,  in  the 
case  of  Pig  182,  a  similar  profuse  multiplication  of 
bacilli  was  found,  though  these  animals  were  killed 
when  in  apparently  good  health.  It  may  also  be 
mentioned  that  in  rat*,  after  intraperitoneal  inocula- 
tion, and  in  mice,  after  either  iotraperitoneal  or  sub- 
cutaneous inoculation,  there  is  an  abundant  intracel- 
lular growth  of  bacilli  which  may  persist  for  a  long 
time  without  causing  the  death  of  the  animal.  But, 
these  exceptional  cases  notwithstanding,  it  must  be 
recognised  that  one  of  the  typical  modes  in  which  the 
avian  bacillus  produces  death  is  by  the  jjrof  use  growth 
of  the  bacilli  in  vital  organs. 

The  third  and  most  important  mode  in  which  the 
avian  bacillus  produces  d^ath  is  by  a  slow  and  steadily 
maintained  toxic  action  upon  the  tissues.  This  is  well 
seen  in  the  fowl  both  after  experimental  feeding,  where 
the  disease  resembles  that  found  in  naturally  occurring 
infection,  and  after  subcutaneous  inoculation.  It  also 
occurs  in  the  rabbit,  particularly  after  subcutaneous 
inoculation,  and,  less  frequently,  after  experimental 
feeding.  The  characteristic  of  this  type  of  fatal 
infection  is  the  local  conflict  between  the  bacilli  and 
the  areas  of  tissue  which  contain  them.  There  is  a 
progressive  growth  and  continuous  destruction  of 
bacilli  associated  with  a  progressive  expansion  of 
caseous  foci.  The  bacilli  grow  under  difficulties,  and, 
though  eventually  they  may  completely  gain  the  upper 
hand  in  some  of  the  lesions  and  then  grow  profusely, 
they  are  more  usually  scanty  ;  and  it  appears  probable 
that  the  material  liberated  by  the  constant  breaking 
down  of  bacilli  is  the  cause  of  the  toxic  effects  which 
are  manifested  histologically  in  the  production  of 
extending  caseous  tubercles.  Similarly,  a  toxic  action 
due  to  the  liberation  of  material  from  disintegrated 
bacilli  is  also  probably  the  cause  of  death  in  the 
guinea-pig.  This  animal  is  an  unfavourable  medium 
for  the  multiplication  of  the  avian  bacillus,  but  not 
unfrequently  dies  within  a  few  weeks  after  inocula- 
tion ;  and  in  some  instances  the  evidence  of  necrotic 
change,  particularly  in  the  liver,  points  to  a  toxic  effect 
which  may  well  be  the  product  of  an  abundant 
destruction  of  bacilli. 

This  third  mode  in  which  the  avian  bacillus  kills  its 
host  is  closely  comparable  to  the  common  manner  in 
which  the  mammalian  bacillus  produces  death.  The 
way  in  which  the  avian  bacillus  kills  a  calf  after  intra- 
venous inoculation  is  also  very  similar  to  what  is 
produced  in  similar  experiments  with  mammalian 
bacilli  upon  calves.  But  though  there  are  interesting 
parallels  in  rodents,  and  occasionally  in  other  mammals, 
it  is  not  typical  of  the  mammalian  bacillus  to  over- 
whelm the  tissues  with  a  profusion  of  intracellular 
growth  such  as  is  commonly  produced  by  the  avian 
bacillus  in  experimental  infections. 

The  final  pathological  effects  of  the  avian  bacillus 
on  the  animal  body  have  been  dealt  with  first  as  being 
the  most  important  ;  but  it  is  also  interesting  to  con- 
sider the  intermediate  stages.  In  order  to  kill  an 
animal  the  avian  bacillus  must  first  disseminate  in  the 
vascular  system,  and  then  it  must  escape  from  this 
system  and  attack  the  adjacent  tissues.  How  does  it 
circumvent  the  endothelial  cell  ? 

It  appears  probable  that  the  avian  bacillus  often 
passes  directly  through  an  endothelial  cell  or  between 
contiguous  endothelial  cells  without  detention  therein. 
In  no  other  way  is  it  possible  to  explain  the  frequent 
appeirance  of  bacilli  within  parenchymatous  cells  at 
very  early  periods  after  intravenous  inoculation.  At 
the  same  time  there  is  clear  evidence,  in  these  early 
stages  of  infection,  that  the  endothelial  lining  forms 
at  least  a  temporary  barrier  against  the  progress  of 
many  of  the  bacilli.  In  order  to  make  good  their 
escape,  these   bacilli  must  multiply,  and  this  they 


27676 


39—2 


300 


Comparison  of  Mammalian  with  Avian  Viruses. 


proceed  to  do  within  the  endothelial  protoplasm. 
Influenced  by  the  presence  of  the  bacilli,  the  endo- 
thelial cell  tends  to  swell  up,  and  direct  division,  or 
partial  division,  of  its  nucleus  often  occurs  ;  these 
changes  retard  the  progress  of  the  bacilli.  What 
follows  depends  upon  the  endothelial  cell's  capacity 
for  resistance.  When  the  bacilli  are  present  in  large 
numbers  in  the  blood-stream,  this  resistance  is  rapidly 
overcome,  and  the  bacilli,  escaping  through  this 
barrier,  commence  to  grow  profusely  in  the  tissues. 
But  when  only  a  few  bacilli  are  present  in  the  blood- 
stream, the  endothelial  element,  in  cases  where  it  is 
not  completely  successful,  offers  a  prolonged  resistance, 
and  the  chronic,  caseous  type  of  tubercle  is  the  result. 
These  two  widely  diiferent  results  may  be  harmonised 
by  assuming  that  the  irritant  or  stimulant  action  of 
the  avian  bacillus  upon  the  endothelial  cell  is  relatively 
feeble,  and  hence  only  continues  to  play  a  conspicuous 
histological  part  in  the  milder  types  of  infection.  And 
one  of  the  essential  differences  between  the  avian  and 
the  mammalian  bacillus  is  that  the  latter  exerts  a 
more  powerful  irritant  or  stimulant  action  upon  the 
endothelial  cell,  with  the  histological  consequence  that 
there  is  much  less  tendency  for  the  lesions  to  assume 
one  or  other  of  two  widely  different  types.  The  endo- 
thelial resistance  is  sufficiently  vigorous  both  to  prevent 
a  profuse  invasion  of  bacilli  into  the  tissues  and  to 
produce  a  more  exuberant  type  of  tubercle  than  the 
characteristic  chronic  lesion  caused  by  the  avian  bacillus. 

When  the  avian  tubercle  bacillus  has  penetrated  the 
endothelial  lining  and  arrived  in  the  adjacent  tissue, 


it  may  either  (1)  grow  abundantly,  with  relatively 
little  tissue  damage,  or  (2)  grow  slowly  and  with 
difficulty,  and  produce  lesions  which  are  centrally 
caseous  and  are  completely  circumscribed  by  fibrous 
tissue.  The  former  type  of  growth  is  found  where 
bacilli  are  circulating  freely  in  the  blood-stream,  and 
the  latter  where  the  bacilli  have  not  invaded  the  blood- 
stream in  large  numbers.  Common  to  both  types  of 
lesion  there  is  (a)  a  tendency  to  the  protoplasmic 
fusion  of  individual  cells,  and  (6)  a  tendency  for  the 
cell  nuclei  to  multiply  by  direct  division.  In  (1),  (a) 
is  at  first  limited,  because  the  bacilli  find  intracellular 
growth  so  favourable  that  they  do  not,  for  a  time, 
overstep  the  limits  of  individual  cells  ;  and  this  freedom 
of  growth  also  limits  (6),  because  individual  nuclei 
become  closely  wrapped  round  with  a  cluster  of  bacilli 
and  have  no  room  to  multiply.  In  (2),  (a)  sets  in 
early  and  soon  progresses  to  a  focus  of  complete 
necrosis,  whilst  (6)  is  limited  to  the  periphery  of  the 
necrotic  area  and  may  there  occur  profusely. 

Comparing  the  action  of  the  avian  with  that  of  the 
mammalian  bacillus,  it  is  noteworthy  that  lesions  pro- 
duced by  the  latter  do  not  usually  fall  into  one  or  other 
of  the  widely  different  types,  (1)  and  (2),  but  are  more 
frequently  of  an  intermediate  character,  exhibiting 
less  profuse  intracellular  growth  than  (1)  and  a 
tendency  to  stimulate  the  tissue  to  more  proliferative 
change  than  is  found  in  (2).  I  have  found  no 
fundamental  difference  in  the  relations  of  the 
wandering  cells  to  the  lesions  produced  respectively 
by  the  avian  and  the  mammalian  bacillus. 
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1511 
1517 
1523 
1543 

Monkey  : 
163 

Monkey  : 
211 

Jlonkey  : 
213 

Monkeys 
171 
217 


Bovines 
1405 
1449 
1521 
1527 


Bovines  : 
1453 
1497 
1505 
1513 
1519 
1549 

Fowl  :- 
143 

Monkey  : 
251 


Bovines  : 
1417 
1421 
1509 
1539 

Monkey : 
165 


Monkeys ; 
185 
197 


Bovines  :  — 
1483 
1491 
1515 
Goat : — 
79 

Monkeys  :- 
179 
181 

183 

Pigs  :— 
141 
143 

Bovines  : — 
1429 
1459 

Monkey  : — 
189 


Human  lupus. 
Human  lupus. 


i  Human  lupus. 
Human  lupus. 
Human  lupus. 

Human  lung. 
Human  lupus. 

Human  lupus. 
Human  lupus. 


Human  lupus. 


Human  lupus. 


Human  lupus  («). 
Human  lupus  (b'). 


Human  lupus. 
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Human  Viruses  Investigated. 


Designation 

Animals 

Origins  of 

Designation 

Animals 

Origins  of 

of 

Examined 

Cultures 

of 

Examined 

Cultures 

Viruses. 

Histologically. 

Examined. 

Viruses. 

Histologically. 

Examined. 

H112.  B.B. 

H114.  A.U. 

H115.  N.G. 

H  118.  F.C. 

H  119.  E.S. 

H  120.  B.W. 

H  121.  E.A. 

H122.  F.P. 

H123.  W.W. 

H124.  M.M. 

H125.  A.P. 

H126.  A.W 

H127.  R.R. 

H128.  D.D. 


H129. 
H130. 
H131. 
H  132. 
H  133. 
H134. 
H135. 
H136. 
H137. 
H  138. 
H139. 
H  140. 
H  141. 
H142. 
H143. 
H  144. 
H  145. 
P  I. 
P  11. 


T.M. 
N.B. 
M.H. 
0.0. 
P.H. 
K.K. 
E.E. 
X.B. 
O.B. 
CO. 
K.H. 
J.J. 

C.  H. 
Q.H. 
L.L. 

D.  S. 
G.W. 


Monkey  :- 
201 

Monkeys  : 
223 
225 

Fowl  :- 
133 

Goat  :- 
81 


Calf  : — 
1585 

Calves  : — 
1567 
1579 


Cat  :— 

62 

Fowls  : — 
32 
158 
162 
164 

Guinea-Pigs ; 
1494 
1532 
1533 

Goat : — 
36 


Human  lupus. 
Human  lupus. 


Human  cerebro- 
spinal fluid. 


Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 

Human  sputum. 

Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Human  sputum. 
Original  material. 
Original  material. 
Monkey  118. 


P  11— cont. 


P  III. 


P  IV. 


P  V. 

P  VI. 

P  VII. 
P  VIII. 
P  IX. 

P  X. 
P  XI. 


Monkey  :- 
118 

Pigs  :— 
104 
110 

Babbits  :— 

292 

294 

326 
1538 
1539 
1540 
1541 

Eat  :— 

85 


Bovine  : — 
318 

Dog  : — 
122 

Fowls  :— 
36 
100 

Goats  : — 
56 
58 

Mouse  :— 
67 

Pony  :— 
14 

Eat  :— 

79 

Bovines  :- 
312 
314 
356 
358 
426 

Pigs  :  — 
124 
126 
132 
134 

Babbits  :- 
307 
461 
462 
463 
555 
557 

Bovine  :— 
336 

Eat  :— 
76 

Bovine  : — 
326 


Bovine  :- 

334 


Bovine  :■ 

338 


Original  material. 
Calf  282. 


Original  material 
Calf  312. 
Babbit  556. 
Eabbit  557. 


Original  material. 

Original  material. 

Original  material. 
Original  material. 
Original  material. 

Original  matedal. 
Original  material. 


Swine  Viruses  Investigated. 
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Designation 
of 
Viruses. 

Animals 
Examined 
Histologically. 

Origins  of 
Cultures 
Examined. 

Designation 
of 
Viruses. 

Animals 
Examined 
Histologically. 

Origins  of 
Cultures 
Examined. 

P  XII. 

Bovines  : — 
376 
444 
450 

Original  material. 

P  XXXIX. 

Original  material. 

P  XIII.  ••• 

Original  material. 

P  XL. 

P  XLI.  ... 

Ka  bolts; — 
1120 
1123 
1124 

Fowls  : — 
128 
186 

Original  material. 

Original  material. 
Pig  166. 
Pig  202. 

P  XIV.     •  • 

Bovines  : — 
446 
448 
533 

536 

KQQ 
OOO" 

Original  material. 

Guinea-Pig  : — 

2195 

Pigs  :— 
166 
202 
258 

P  XV. 
P  XVI. 

Original  material. 
Original  material. 

P  XLII.  ... 
P  XLIII.... 

Rabbit : — 
1127 

Original  material. 
Original  material. 

P  XVII.  - 

Original  material. 

P  XLIV.  - 

Fowl  : — 
172 

Rabbits  : — 
1180 
1183 

Original  material. 

P  XVIII.  ■■ 
P  XIX. 

Rabbit  : — 
622 

Original  material. 
Original  material. 

P  XX. 

P  XXI.  ... 

Bovine  : — 
412 

Fovs'ls  : — 

26 

28 
148 
152 

Monkey  : — 
154 

Original  material. 
Original  material. 

P  XLVI.  •• 

P  XLVII. 
P  XLIX.  ... 
P  L. 

Pig  :— 
164 

Rabbits  : — 
1047 
1048 

— 

Original  material. 

Original  material. 
Original  material. 
Original  material. 

Rabbits  : — 
878 
880 
1092 

P  LI. 

P  LIL  ■•• 
P  LIIL  ••• 

— 

Original  material. 
Original  material. 
Original  material. 

P  XXII.  ... 
P  XXIII.  ... 

— 

Original  material. 
Original  material. 

P  LIV.  ... 

Guinea-Pigs  : — 
2571 
2572 

Original  material. 

P  XXIV.  ■• 
P  XXV.  ■■ 

— 

Original  material. 
Original  material. 

P  LV.  ■• 

Guinea-Pigs  : — 
2573 
2574 

Original  material. 

P  XXVI.  .. 

Original  material. 

P  LVL  ••• 

Original  material. 

P  XXVII.  ... 

Fowl  :— 
40 

Rabbit : — 
775 

Original  material. 

P  LVII.  ... 

— 

Original  material. 

P  LVin.  •  . 
P  LIX.  ... 

Original  material. 
Original  material. 

P  XXIX.  ... 
P  XXX.  ... 
P  XXXI.  ... 
P  XXXII.  ... 
P  XXXIII.... 

Original  material. 
Original  material. 
Original  material. 
Original  material. 
Original  material. 

PLX.  .. 
P  LXI.  ... 
PLXII.  ... 
EI. 

Bovines  : — 
436 
522 
528 

Original  material. 
Original  material. 
Original  material. 
Original  material.. 

P  XXXIV. ... 
P  XXXVI. ... 
P  XXXVII. 
P  XXXVIII. 

Rabbit  : — 
981 

Rabbit : — 
1094 

Rabbit  :— 
1100 

Original  material. 
Original  material. 
Original  material. 
Original  material 

Fowls  : — 
234 
490 

Pony  : — 
16 

Rabbits  : — 
934 
1309 

27676 


40 
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Equine  Viruses  Investigated. 


Designation 
of 
Viruses. 

Animals 
Examined 
Histologically. 

Origins  of 
Cultures 
Examined. 

Designation 
of 
Viruses. 

Animals 
Examined 
Histologically. 

Origins  of 
Cultures 
Examined, 

E  II.  

Bovines : — 
404 
406 
506 
578 
580 
592 
594 
596 
626 
628 
638 

Original  material. 

Calf  404. 

Calf  504. 

Calf  506.  . 

Calf  590. 

Calf  596. 

Fowl  398. 

E  lY-eont. 

Guinea-Pig's  : — 
1979 
1980 
2487 

Monkeys  :  — 
178 
.  182 
218 

Pigs  :— 
188 
190 

Guinea-Pigs  : — 
1977 
1978 
2213 
2579 

Lemurs  : — 
16 
18 

Monkeys : — 
168 
180 
184 
186 
202 
208 
212 
216 
220 

Pigs  :— 
184 

186 

Ponies  : — 
18 

E  V. 
Z  I. 

Z  III.  ... 

Z  VI. 
A  I. 

Ponies : — 
22 
24 

Rabbits  : — 
1080 
1418  • 
1699 

Rabbit  : — 
1445 

Rabbits : — 
520 
758 

Bovine  : — 
510  . 

Rabbits  : — 
1166 
1172 

Fowl : — 
146 

Lung  of  horse. 
Spleen  of  horse. 

Lung  of  gnu. 

Lung  of  antelope. 
Rabbit  1041. 
Rabbit  1241. 

Rabbit  1368. 

Mesenteric  gland 

of  cat. 
Intestinal  lesions 

of  touracon. 

20 

Rabbits  : — 
1082 
1083 
1331 

Monkey  : — 
160 

Rabbit  :— 
1090 

Rat:— 
102 

E  III. 

Bovines  : — 
440 
508 

Fowl  :— 
154 

Original  material. 

A  II. 

Bovine  : — 
432 

Fowls  : — 
92 
96 

Rat  :-— 

Spleen  of  pigeon. 

Guinea-Pigs  : — 
2113 
2115 
2116 

Lemur  :  — 
14 

Pig  :— 
194 

A  III.  ... 
A  IV.  ... 

122 

Goat:  — 
40 

Fowls  : — 
108 
298 

Guinea-Pig  : — 
2131 

Lung  of  crane. 

Liver  of  Pheasant  I. 
Calf  456. 
Calf  494. 
Fowl  298. 

Rabbit : 
1232 

Mice  :— 
84 
87 

B IV. 

Baboons  : — 
72 
74 

Bovines : — 
410 
498 
502 
582 
586 
602 
614 
620 
630 

Fowls ; — 
134 
136 

Original  material. 
Baboon  72. 
Baboon  74. 
Calf  408. 
Calf  498. 
Ca]f  502. 
Calf  616. 
Fowl  438. 
Fowl  440. 
Monkey  178. 

A  V. 

A  VI.  ... 

88 

'90 

Rat  :— 

86 

Guinea-Pig  :— 
1962 

Rabbits : — 
956 
957 

Guinea-Pig  : — 
2624 

Parrots  : — 
2 
4 

Spleen  of  Pheasant 
II. 

Spleen  of  Pheasant 
III. 

Avian  Viruses 

Investigated. 
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Designation 

Animals 

Origins  of 

Designation 

Animals 

Origins  of 

of 

Examined 

Cultures 

of 

Examined 

Cultures 

Viruses. 

Histologically. 

Examined. 

Viruses. 

Histologically. 

Examined. 

A  VII. 

Fowl  : — 

Spleen  of  Fowl  A. 

A  X.—cont. 

Bovines  ; — 

220 

558 

560 

Pigs  : — 

564 

176 

566 

178 

570 

180 

182 

Dog  :— 

162 

Pony  : — 

1(1 

Fowls  : — 

264 

Rabbit : — 

892 

1282 

Goats  : — 

Rats  : — 

42 

125 

48 

127 

Mouse  : — 

105 

A  VIII.  - 

Bovines  : — 

Spleen  of  Fowl  B. 

524 

Monkeys  : — 

544 

188 

196 

\TUU-1ccI-J-  if; 

xuo 

2503 

Parrot  : — 

rig  .  

248 

Pigs  :— 

Pony  : — 

236 

Rat  :— 

Pony  : — 

133 

32 

A  X. 

Bovines  : — 

Fowl  D. 

Rabbit  :— 

546 

Rabbit  1866. 

1791 

27676 


40—2 
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Animals. 


Pages  in  Part  II. 
Histology. 


Pages  in  Part  III 
Bacteriology. 


Aaimals. 


Pages  in  Part  II. 
Histology. 


Pages  in  Part  III 
Bacteriology. 


Baboons 
72 
74 
76 

Bovines  : 
61 
77 
312 
314 
318 
326 
334 
336 
338 
356 
358 
376 
404 
406 
408 
410 
412 
414 
416 
426 
432 
436 
438 
440 
444 
446 
448 
450 
452 
456 
466 
474 
476 
494 
498 
502 
604 
506 
503 
510 
522 
524 
528 
632 
534 
536 
538 
644 
546 
.558 
360 
564 
566 
570 
578 
580 
582 
586 
590 
592 
594 
596 
€02 
614 
616 
620 
626 
628 
630 
638 
923 
925 
989 
1017 
1023 
1025 
1027 
1033 
1035 


106,  108 

107,  108 
42.  45 


50 
47,  48 
83,  84 
83,  84 

181 

82 

82 

82 

82 
83,84 
83,84 

82 
93,  99 
92,  99 

96,  99 
182 

27,  32 
27,  32 

84 

182 

91 

Si 

96 

82 

82 

82 

82 

34 

34 
31,32 
32 

97,  99 
97,  99 

93,99 

96 
116,  117 

92 
178, 182 

92 

82 

82 

82 

82 
179,  182 

179 

180 

180 

180 
181,  182 

181 

93,  99 
93,99 

97,  99 

98,  99 

94,  99 
94,  99 

94.  99 
98,  99 
98,  99 

98,  99 

95,  99 
95.  99 

99 
95,  99 
28,32 

28,  32 
47,  48 
28,32 
29,32 

29,  32 
29,32 

30,  33 
.    30, 33 
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ZOO) ^00 
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47 

47  48  4.0 

1  997 

930  943 

ZOl,  ZOO 

47  49 

218  241 

1243 

47,  48 
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46 
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47  48 
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46 
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223, 242 
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46  49 
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1  QIO 

46 

lOOi 
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t  i  ,  XO 
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50 
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zoi!,  Zbo 
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46  47 

1489 

46^  49 

1491 

46,  47 

264,  266 

1493 

46,  49 

1497 

47,  49 

1501 

46,  49 

150.T 

47,  49 

1507 

46,  49 

1509 

46,47,  49 

1511 

46 

1513 

47,  49 

1515 

46,47 

1517 

46,49 

1519 

46,  47,49 

1521 

46,  47 

1523 

46,  49 

1527 

46,47 

1535 

47,  48,  49 
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A  nimals. 

1 

Pajres  in  Part  11 

Pajjes  in  Part  III 

Animals. 

Pages  in  Part  II 

Pages  in  Part  III, 

Histology. 

Bacteriology. 

Histology, 

Bacteriology. 

Bovines — oont. 

_  

Fowls — c:o?it. 

1 

1539 

46,  47,  49 

\  438 

265,  266 

1  KIR 

46  47  49 

2(i5  2fifi 

1545 

46  49 

442 

212  216 

1549 

47  49 

444 

212  216 

1567 

46  47 

450 

21  T  216 

1579 

46  47 

!               4  5S 

40 

1585 

46  47 

1  490 
492 
516 

114 

38 

215,  216 

Cats  :— 

25 

77.  81 

27 

77 

Goats  '. 

29 

77  ■ 

o\j 

198  200 

41 

77 

40 

198  200 

43 

77 

42 

199  200 

62 

203  207 

48 
58 

199.  200 
199 
200 

Chimpanzees  : — 

63 

80,81 

5 

56  68 

65 

79  81 

7 

.59 

69 

80*  81 

11 

60.  68 

234  241 

79 

80,  81 

18 

213,  216 

81 

81 

22 

211  216 

24 

43,  45 

1494 

196 

1532 

196 

19 

231  243 

1533 

197 

31 

77,  81 

229  243 

1962 

196 

33 

78,  81 

229  242 

1976 

70 

43 

78,  81 

1977 

110 

116 

43,  45 

211,  216 

1978 

111 

122 

204,  207 

1979 

113 

126 

215,  216 

1980 

113 

130 

43,45 

213,216 

1988 

70 

136 

213  214  21  fi 

1989 

70 

142 

21  H  21  (i 

2113 

112 

150 

212  216 

2115 

112 

156 

213  216 

2116 

112 

160 

44  45 

214,  21 6 

2131 

197 

162 

204, 207 

2195 
2213 
2340 

86 
111 
71 

Fowls  : — 

2444 

71 

15 

73 

2454 

71 

16 

73 

2487 

113 

19 

73 

2503 

198 

21 

73 

2528 

212  216 

26 

173 

2531 

271, 273 

28 

173 

2571 

86 

32 

172 

2572 

87 

36 

173 

2573 

87 

40 

174 

2574 

88 

80 

38 

2575 

72 

82 

39 

^0  i  V 

1 1 1 

84 

215  91fi 

197 

92 

171 

2935 

214, 216 

96 

171 

2976 

72 

100 

170 

3021 

108 

172 

3216 

990  94.1 

128 

88 

OOOl 

9 1      9 1  A 

131 

74 

133 

74 

1d4 

TIE 

Lemurs  : — 

loo 

115 

14 

t  f\f*  inn 

106, 108 

Ha 

n 

16 

10.3,  108 

Ho 

1  n  A 
174 

18 

108,  108 

ISO 

175 

170 

1  KA 

1  t  A 

Mice : — 

158 

175 

67 

205,  207 

162 

175 

1  CA 

176 

84 

205 

172 

170 

87 

205 

186 

88 

88 
90 

205 

220 

176 

205 

234 

114 

94 

205 

264 

174 

105 

205 

298  ; 

176 

270  971  97^ 

338  1 

39 

Monkeys : — 

392 

177 

394 

212,  216 

67 

54,  68 

398 

262.  266 

69 

55,  68 

412 

40 

71 

55,  68 

414 

37  1 

77 

57,  68 

420 

37 

81 

57,  68 

430 

214,  216 

83 

57,  68 

432 

214,216  j 

85 

58,  68 
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Bacteriology. 

Animals. 

Pages  in  Part  II. 
Histology. 

Pages  in  Part  III. 
Bacteriology. 

Monkeys — cont. 

Original  material — 

89 

58,  68 

cont. 

91 

58,  68 

H  72.  H.O. 

93 

55,  58 

Abscess  of  rib. 

— 

226,  242 

95 

59,  68 

H  74.  D.S. 

97 

59,  68 

Bronchial  gland. 

— 

226,  242 

99 

59,  68 

H  74.  D.S. 

101 

55,  68 

Mesenteric  gland. 

— 

226,  242 

103 

55,  68 

H  74.  D.S. 

109 

56,  68 

Spleen. 

— 

226,  242 

118 

190,  192 

245,  259,  260 

H  75.  A.H. 

119 

61,68 

Lung. 

— 

227,  243 

121 

61,68 

234,  241 

H  75.  A.H. 

123 

61,68 

Peritoneal  fluid. 
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PLATE  I. 

Staik. — Carbol-fuchsin  followed  by  eosin  and  methylene  blue. 
Magnification. —  x  600. 


The  figures  on  this  plate  illustrate  the  development 
of  the  tubercle  in  its  early  stages.  Each  figure 
represents  a  lesion  produced  in  a  liver  of  a  rabbit 
after  inoculation  in  the  vein  of  an  ear  with  1  mg. 
of  finely  emulsified  culture  of  mammalian  tubercle 
bacilli. 

Before  describing  the  figures  in  detail,  attention 
may  be  drawn  to  Fig.  9,  which  shows  a  typical 
tubercle,  and  to  Figs.  1,  2,  5,  7,  and  8,  which  show 
how  such  a  lesion  is  produced. 

Fig.  1.  24  hours  after  inoculation  with  B  III.  (a 
typical  virus  of  bovine  origin).  In  the  right  half  of 
the  figure  two  bacilli  are  seen  in  contact  with  the 
endothelial  wall  of  a  capillary  ;  immediately  to  the 
left  of  these  bacilli  is  the  nucleus  of  an  endothelial 
cell  showing  no  pathological  change.  At  the  bottom 
of  the  figure  is  the  wall  of  another  capillary, 
showing  three  bacilli  within  an  endothelial  cell,  the 
nucleus  of  which  is  slightly  distorted  ;  to  its  right 
is  the  more  darkly  staining  nucleus  of  a  small 
lymphocyte. 

Fig.  2.  24  hours  after  inoculation  with  H  90. 
I.P.  (a  virus  of  human  origin  which  in  the  series  of 
experiments  to  which  this  rabbit  belongs  produced  a 
much  milder  type  of  infection  than  the  preceding 
bovine  virus).  A  few  bacilli  are  seen  in  contact  with 
and  partly  within  an  endothelial  cell.  The  nucleus  of 
this  cell  is  swollen  and,  on  the  left,  a  small  fragment 
of  it  has  split  off. 

Fig.  3.  Three  days  after  inoculation  with  H  90. 
I.P.  A  bacillus  is  seen  definitely  within  a  histo- 
logically normal  liver  cell. 

Fig.  4.  24  hours  after  inoculation  with  B  III.  A 
spherical  fragment  of  culture  is  found  between  two 
endothelial  nuclei. 

Fig.  5.  24  hours  after  inoculation  with  H  7. 
CM.  (a  virus  of  human  origin  and  of  high  virulence 
for  the  bovine  and  rabbit).  This  specimen  illustrates 
more  advanced  change  in  the  endothelium.  The  right 
wall  of  the  capillary  in  the  centre  of  the  figure  shows 
four  distorted  nuclei  ;  a  bacillus  is  found  close  to  the 
lowest  of  these.  Above  and  to  the  right  of  these 
four  nuclei  there  is  a  nucleus  showing  an  early  stage 
of  mitosis.  Immediately  above  the  bacillus  there  is 
some  distorted  and  apparently  dividing  nuclear 
material  which  probably  belongs  to  a  parenchymatous 
cell.  Noteworthy  features  of  the  lesion  are  (1)  com- 
mencing fusion  of  endothelial  and  parenchymatous 
elements  and  (2)  increase  of  nuclei  belonging  to  these 
elements. 

Fig.  6.  24  hours  after  inoculation  with  H  90. 
I.P.  This  illustrates  the  irritant  action  of  the 
tubercle  bacillus  upon  the  endothelial  cell.  Following 
from  left  to  right  the  vascular  channel  which  passes 
across  the  field,  one  sees  numerous  endothelial  nuclei 
of  irregular  outline  and  unequal  amounts  of  chromatin. 
These  nuclei  are  in  process  of  increase  by  •  direct 
division.  At  the  left  end  of  the  channel  there  are  a 
few  desquamated  endothelial  cells.  At  the  right  of 
the  figure  bacilli  are  seen  within  the  protoplasm  of 
slightly  disintegrated  liver  cells.  The  lesion  has  been 
invaded  by  numerous  small  lymphocjtes  and  by  a 
few  multinuclear  leucocytes. 

Fig.  7.  Three  days  after  inoculation  with  H  7. 
CM.  An  early  tubercle.  In  the  centre  of  the 
lesion  is  the  faint  and  distorted  nucleus  of  a  liver  cell, 
surrounding  which,  above,  below,  and  to  the  right,  are 
nuclei  of  endothelial  origin.  The  diffuse  blue  stain 
shows  the  escape  of  nuclear  material  outside  the 
nuclear  membrane.    This  diffuse  staining  is  very 


characteristic  of  an  early  lesion.  The  nuclei  are 
found  in  a  matrix  of  protoplasm  which  is  no  longer 
marked  off  into  individual  cells.  This  protoplasm 
contains  four  bacilli.  To  the  left  of  it  are  two  nuclei 
of  liver  cells  showing  early  change,  viz.,  slight 
irregularity  of  contour  and  slight  intensification  of  the 
nuclear  stain.  The  two  elongated  nuclei  at  the' 
bottom  of  the  figure  show  early  change  in  the 
endothelium.  The  figure  also  shows  some  small 
lymphocytes  and  one  leucocyte. 

Fig.  8.  Eight  days  after  inoculation  with  H  90. 
I.P.  The  relation  of  the  endothelium  of  the  capillary 
channels  to  early  tubercle  formation.  The  structure 
of  the  lesion  is  similar  to  that  shown  in  the  preceding 
specimen. 

Fig.  9.  Three  days  after  inoculation  with  H  7. 
CM.  A  typical  tubercle,  with  a  peripheral  infil- 
tration of  small  lymphocytes  and  finely  granular 
oxyphil  leucocytes.  Some  of  the  red  dots  in  the 
centre  of  the  lesion  may  be  fragments  of  bacilli, 
others  may  be  nucleoli  of  liver  cells.  Compare  Figs.  7 
and  8. 

Figs.  10-14.  Whereas  Figs.  1-9  illustrate  the 
essential  structural  processes  of  tubercle  formation, 
Figs.  10-14  illustrate  a  concomitant  factor  which  is 
often  present  and  may  obscure,  or  complicate,  those 
essential  processes.  This  factor  is  the  attraction  of 
polymorphonuclear  leucocytes,  owing  to  the  irritant 
action  of  the  bacillus  and  of  the  disintegration 
products  attributable  to  the  bacillus. 

Fig.  10.  Three  days  after  inoculation  with  H  7. 
CM.  A  small  focus  completely  filled  with  leuco- 
cytes, one  of  which  is  dividing. 

Fig.  11.  From  the  same  section  as  Fig.  10.  A 
single  leucocyte  in  process  of  amitotic  division. 

Fig.  12.  24  hours  after  inoculation  with  H  90. 
I.P.  The  splitting  and  multiplication  of  the  endo-. 
thelial  nuclei  is  complicated  by  the  invasion  of| 
leucocytes.  There  is  a  bacillus  in  the  centre  of  the 
field  but  none  are  present  within  leucocytes. 

Fig.  13.  24  hours  after  inoculatioa  with  B  III. 
The  condition  is  similar  to  that  in  Fig.  12,  but  has 
been  produced  by  a  more  virulent  virus.  The  thread- 
like material  in  the  centre  is  fibrin.  Immediately  to 
the  right  of  this  is  a  bacillus.  A  short  distance 
below  this  bacillus  is  a  dividing  leucocyte.  To  the 
right  of  this  cell  is  a  group  of  partially  disintegrated 
leucocytes,  one  of  which  contains  a  bacillus.  Above 
and  slightly  to  the  right  of  this  group  is  a  bacillus 
within  a  liver  cell,  the  nucleus  of  which  is  splitting 
into  two.  Many  small  lymphocytes  are  associated 
with  the  leucocytes. 

Fig.  14.  Five  days  after  inoculation  with  H  7. 
CM.  This  is  a  typical  early  tubercle.  Compared 
with  Fig.  9,  the  lesion  is  less  compact,  there  is  more 
nuclear  splitting,  the  diffuse  escape  of  chromatin  has 
cleared  up,  and  caseation  has  not  yet  commenced. 
It  is  important  to  note  that  early  lesions  presenting 
the  confused  appearance  of  Fig.  14  are  much  com- 
moner than  the  more  easily  analysed  arrangement 
seen  in  Fig.  9.  After  studying  the  figures  preceding 
it,  it  will  be  seen  that  in  Fig.  14  the  same  processes 
are  at  work,  viz.,  nuclear  splitting  of  the  endothelial 
and  parenchymatous  elements  and  infiltration  with 
leucocytes  and  lymphocytes.  It  is  specially  im- 
portant to  note  that  the  more  advanced  tubeicle 
commonly  originates  from  a  focus  such  as  Fig.  14, 
and  not  necessarily  by  expansion  of  a  simpler  lesion 
such  as  Fig.  9. 
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PLATE  II. 

Stain. — Carbol-fuchsin  followed  by  eosia  and  methylene  blue. 


Fig.  1.  X  600.  Liver  of  rabbit,  eight  days  after 
intravenous  inoculation  in  the  ear  with  1  mg.  of 
culture  of  H  90. 1.P.  (a  virus  of  human  origin  of  com- 
paratively low  virulence  for  the  series  of  experiments 
to  which  this  animal  belongs).  The  specimen  illus- 
trates an  early  stage  of  what  will  probably  become  a 
chronic  or  retrogressive  type  of  tubercle,  situated  in  the 
lower  half  of  the  field,  towards  the  right.  There  is  a 
small  deposit  of  bacilli  amongst  partially  disintegrated 
liver  protoplasm.  Surrounding  this  area,  and  apparently 
travelling  towards  it  from  Glisson's  capsule,  is  an 
infiltration  consisting  mainly  of  small  lymphocytes. 
There  is  also  distortion  and  splitting  of  the  nuclei 
of  endothelial  and  liver  cells.  A  nucleus  in  the 
upper  part  of  the  drawing,  towards  the  right,  shows 
a  mitotic  figure. 

Fig.  2.  X  470.  Liver  of  rabbit,  10  days  after 
intravenous  inoculation  in  the  ear  with  1  mg.  of 
culture  of  B  III.  (a  typical  virus  of  bovine  origin). 
A  tubercle  of  proeressive  type,  at  the  stage  when 
the  fixed  tissue  cells  are  breaking  down  and,  owing 
to  partial  fusion  and  degeneration  of  their  proto- 
plasm, are  no  lonser  distinguishable  as  individual 
cells.  These  changes  in  the  protoplasm,  being 
accompanied  by  shrinkage  and  vacuolation,  have 
given  rise  to  the  appearance  of  a  reticulum.  Multi- 
plication, by  fission,  of  the  nuclei  of  the  fixed  tissue 
cells  is  conspicuous  ;  and  it  is  noticeable,  particularly 
in  the  left  half  of  the  field,  that  bacilli  are  in  im- 
mediate contact  with  such  nuclei.  In  the  lower  part  of 
the  field,  to  the  left,  is  a  small  caseous  area  which, 
taken  in  conjunction  with  the  adjacent  nuclei,  may  be 
termed  a  "  giant  cell."  The  reticulum  in  this  neigh- 
bourhood presents  the  appearance  of  processes  stream- 
ing out  from  the  "  giant  cell."  Bacilli  are  more 
numerous  in  the  "giant  cell  "  than  elsewhere.  There 
is  some  infiltration  of  small  lymphocytes  and  multi- 
nuclear  leucocytes.  None  of  the  leucocytes  show 
evidence  of  phagocytosis. 

Fig.  3.  X  600.  From  the  same  liver  as  Fig.  2.  A 
well  marked  example  of  the  capacity  of  the  tubercle 
bacillus  to  stimulate  amitotic  nuclear  division. 

Fig.  4.  X  600.  Liver  of  Rabbit  1283,  killed  29 
days  after  inoculation  in  the  vein  of  an  ear  with 
50  mg.  of  killed  culture  of  bovine  bacilli.  'The 
section  was  studded  with  minute  lesions  like  the  two 


figured.  In  a  few  of  the  lesions  one  or  two  bacilli 
were  demonstratable.  The  infiltration  of  the  two 
"giant  cells"  by  small  lymphocytes  is  noteworthy. 
It  serves  to  explain  the  fact  that  "giant  cells"  not 
uncommonly  contain  deeply  staining,  spherical  nuclei 
which  are  identical  with  the  nuclei  of  lymphocytes. 
Such  nuclei  do  not  indicate  that  "  giant  cells "  are 
derived  from  lymphocytes  ;  they  show  that  "  giant 
cell  "  lesions,  initiated  in  the  fixed  tissue  cells,  may  be 
infiltrated  by  lymphocytes,  and  that  the  nuclei  of  the 
latter  cells  may  survive  therein.  This  is  particularly 
the  case  in  the  milder  types  of  infection,  whether 
produced  by  dead  or  living  bacilli.  In  the  lesions 
of  acute  infections  the  lymphocytes  are  rapidly 
destroyed. 

Fig  5.  X  520.  Lung  of  rabbit,  15  days  after 
intravenous  inoculation  in  the  ear  with  1  mg.  of 
culture  of  B  III.  A  portion  of  the  wall  of  an 
artery  showing  a  small  tubercle  which  has  developed 
from  the  endothelium  and  projects  into  the  lumen  of 
the  vessel. 

Fig.  6.  X  275.  Kidney  of  rabbit,  10  days  after 
intravenous  inoculation  in  the  ear  with  1  mg.  of 
culture  of  H  7  CM.  (a  human  virus  of  high 
virulence  for  the  bovine  and  rabbit).  An  early  stage 
of  acute  infection.  In  the  centre  of  the  field  are 
several  bacilli,  and  in  close  association  with  these  is 
some  recently  deposited  fibrin,  which  has  retained  the 
eosin  stain.  Bacilli  are  also  scattered  about  in  the 
upper  part  of  the  figure  ;  some  of  them  are  close  to, 
but  not  actually  within,  multinuclear  leucocytes.  The 
specimen  as  a  whole  illustrates  the  interstitial  infiltra- 
tion of  leucocytes  and  small  lymphocytes  and  the 
increased  prominence  of  the  connective  tissue  elements. 
These  features  are  typical  of  early  tubercle  formation 
in  the  kidney.  Here,  as  is  usually  the  case,  the  lesion 
begins  as  an  intertubular  infiltration  and  does  not 
arise  from  a  glomerulus. 

Fig.  7.  X  294.  Thoracic  gland  of  Goat  1,  which 
had  been  inoculated  subcutaneously  on  four  successive 
occasions  with  viruses  of  human  origin,  and  died  34 
days  after  the  last  inoculation.  A  peripheral  lymph 
sinus,  with  a  portion  of  the  capsule  in  the  upper  part 
of  the  drawing,  illustrating  the  passage  of  bacilli 
through  the  capsule  into  the  sinus,  and  the  presence, 
within  the  lumen  of  the  sinus,  of  bacilli  lying  within 
detached  endothelial  cells. 
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PLATE  III. 

Stain. — Carbol-fuchsin  followed  by  eosin  and  methylene  blue. 


Fig.  1.  X  537.  Local  lesion  of  Calf  873,  three 
days  after  subcutaneous  inoculation  with  50  mg.  of 
culture  of  H  26.  K.M.  (a  human  virus  of  relatively 
low  virulence  for  the  bovine).  The  lower  half  of  the 
figure  shows  a  dense  mass  of  multinuclear  leucocytes 
(including  mononuclear  forms  of  the  finely  granular 
oxyphil)  converging  upon  the  inoculated  culture,  the 
greater  bulk  of  which  lies  below  the  area  illustrated. 
The  leucocytes,  many  of  which  contain  several  bacilli, 
fail  to  take  a  granular  stain,  and  also  show  signs  of 
nuclear  disintegration.  The  upper  half  of  the  figure 
is  taken  from  the  same  section,  at  a  short  distance 
further  away  from  the  inoculated  mass  of  culture. 
It  shows  dilation  of  the  lymphatic  channels  and 
swelling  of  the  endothelium  and  connective  tissue 
corpuscles.  The  finely  granular  leucocytes,  which  are 
converging  in  the  direction  of  the  culture  mass  below, 
stain  well,  in  contrast  to  the  leucocytes  in  the  lower 
half  of  the  figure  ;  they  have  not  ingested  any  of  the 
bacilli  present. 

FUj.  2.  X  610.  Thoracic  gland  of  Calf  288,  killed 
14  days  after  subcutaneous  inoculation  with  50  mg.  of 
culture  of  B  XIX.  (a  typical  bovine  virus).  The 
lesion,  which  is  typical  of  those  produced  by  highly 
virulent  bacilli,  is  commencing  to  break  down,  and  the 
disintegrating  tissue  shows  an  abundant  infiltration  of 
finely  granular  leucocytes.  It  will  be  noted  that 
relatively  few  of  these  cells  contain  bacilli. 

Ficf.  3.  X  610.  Lung  of  Pig  150,  14  days  after 
subcutaneous  inoculation,  in  the  ear,  with  20  mg.  of 
culture  of  B  IV.  (a  typical  bovine  virus).  An  early 
lesion  in  the  lung.  Under  a  low  power  such  lesions 
appear  as  minute  foci  of  partial  consolidation,  without 
any  particular  structure  characteristic  of  a  tubercle. 
Under  a  high  power  there  is  seen  swelling  of  the 
epithelial  and  endothelial  cells  and  some  infiltration 


with  wandering  cells.  In  this  case  the  wandering 
cells  are  mostly  multinuclear  leucocytes.  Two  of  the 
leucocytes  in  the  centre  of  the  field  contain  bacilli. 
In  the  pig  the  attraction  of  such  leucocytes  to  sites 
where  tubercle  bacilli  occur  is  particularly  rapid,  and 
the  leucocytes  ingest  the  bacilli  rather  more  frequently 
than  in  the  calf  or  the  rabbit.  The  essential  changes  in 
the  endothelial  and  epithelial  cells  of  the  lung  and  the 
infiltration  of  wandering  cells  are  the  same  as  in  the 
liver  (see  Plate  I.)  ;  the  difference  in  general  appear- 
ance is  due  to  the  difference  between  the  loose 
structure  of  the  lung  and  the  compact  structure  of 
the  liver. 

Fig.  4.  X  530.  Lung  of  Calf  312,  killed,  when  in 
apparently  good  health,  90  days  after  subcutaneous 
inoculation  with  50  mg.  of  culture  of  P  IV  (a  virus 
of  porcine  origin  and  of  lower  virulence  than  bovine 
viruses).  The  illustration  shows  a  portion  of  a 
caseous  tubercle  of  progressive  type.  In  the  upper, 
caseous,  part  of  the  field  it  will  be  noted  that : — 
(1)  bacilli  are  numerous,  (2)  in  addition  to  the 
broken-down  cells,  there  is  a  fresh  invasion  of  multi- 
nuclear leucocytes,  (3)  a  few  of  these  leucocytes 
contain  bacilli.  In  the  lower  half  of  the  figure  it  will 
be  noted  that  the  cellular  boundary  of  the  tubercle  is 
being  invaded  by  bacilli  from  the  caseous  area. 

Fig.  5.  X  215.  Fig.  6.  x  600.  Kidney  of  a 
rabbit,  15  days  after  inoculation  in  the  vein  of  an 
ear  with  1  mg.  of  culture  of  B  III.  (a  typical  bovine 
virus).  An  early  tubercle,  showing  its  relation  to  the 
renal  epithelium.  Pig.  6  shows  a  higher  magnification 
of  the  lesion  seen  in  Fig.  5.  The  granular  epithelium 
of  the  secretory  tubules  is  conspicuous.  In  the  lesion 
are  seen  degeneration  of  granular  renal  cells,  some  of 
which  contain  bacilli,  and  increase  of  connective 
tissue  corpuscles.  The  glomerulus,  at  the  bottom  of 
Fig.  5,  is  unaffected. 
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PLATE  IV. 


Stain. — With  the  exception  of  Fig.  1,  which  is  stained  with  eosin  and  methylene  blue  alone,  the  specimens 
are  stained  with  carbol-fuchsin,  eosin,  and  methylene  blue. 


Fig.  1.  X  112.  Lung  of  Rabbit  488,  killed  63 
days  after  inoculation,  partly  intravenously  and  partly 
intraperitoneally,  with  a  total  of  140  mg.  of  killed 
culture  of  bacilli  of  bovine  origin.  This  figure  is  a  repre- 
sentative example  of  numerous  lesions  found  in  the  lungs. 
The  material  which  stains  strongly  with  eosin  bears  a 
curious  resemblance  to  actinomyees.  The  lesion  as  a 
whole  is  abundantly  infiltrated  with  finely  granular 
oxyphil  leucocytes.  As  carbol-fuchsin  has  not  been 
applied,  no  bacilli  are  stained. 

Fig.  2.  X  865.  From  the  same  lung  as  Fig.  1,  the 
specimen  having  been  stained  with  carbol-fuchsin 
before  counterstaining  with  eosin  and  methylene  blue. 
A  portion  of  one  of  the  actinomyces-like  nodules. 
The  club  formation  may  perhaps  be  attributable  to 
dissolved  constituents  of  the  large  number  of  dead 
bacilli  inoculated.  Some  bacilli  not  yet  disintegrated 
are  seen  in  the  lower  part  of  the  field.  The 
abundance  of  multinuclear  leucocytes,  which  are 
shedding  their  granules,  suggests  that  the  disintegra- 
tion of  the  dead  bacilli  is  due  to  the  digestive  action 
of  these  cells. 

Fig.  3.  X  240.  Lung  of  Rabbit  231,  killed  90  days 
after  intraperitoneal  inoculation  with  1  mg.  of  culture 
of  the  human  sputum  virus  H  17.  Sp.B.  (through 
Calf  265).  A  typical  patch  of  tubercular  consolidation 
with  commencing  caseation.  Note  the  abundant  in- 
filtration of  multinuclear  leucocytes,  which  seem 
specially  attracted  to  the  breaking  down  tissue.  The 
lesion  is  completely  avascular.  Some  fragments  of 
coagulated  blood  are  seen  in  the  lower  half  of  the  figure, 


to  the  left.  The  disease  in  the  lungs  has  been  of  a 
relatively  mild,  slowly  progressive  type.  Bacilli  are 
scarce  throughout  the  lung  ;  none  are  present  in  the 
field  illustrated. 

Fig.  4.  X  294.  Lung  of  Goat  65,  which  died  38 
days  after  subcutaneous  inoculation  with  the  human 
lupus  virus  H  53.  D.H.  (a),  a  virus  of  not  very  high 
virulence.  This  shows  another  type  of  pulmonary 
tuberculosis  where,  with  the  exception  of  the  areas 
occupied  by  "  giant  cells,"  the  tissue  remains  highly 
vascular.    Bacilli  are  scanty. 

Fig.  5.  X  275.  Lung  of  Pig  80,  Milled  131  days 
after  feeding  with  10  million  bacilli  derived  from 
B  IV  (a  typical  bovine  virus).  The  illustration  is 
taken  from  the  broad,  cellular  margin  of  a  chronic 
tubercle,  the  caseous  portion  of  the  tubercle  being 
below  the  area  illustrated.  The  figure  shows  the 
tendency  to  vascularisation  of  a  chronic  tubercle  by 
proliferation  of  endothelium  from  pre-existing  blood- 
channels. 

Fig.  6.  X  537.  Lung  of  Calf  448,  killed  104  days 
after  subcutaneous  inoculation  with  50  mg.  of  P  XIV, 
a  porcine  virus  of  fairly  high  virulence.  The  illus- 
tration shows  a  vascular  type  of  lesion  which  is 
common  in  severe  infections.  The  close  proximity  of 
bacilli  to  the  blood-stream,  especially  in  the  lower 
part  of  the  figure  to  the  left,  will  be  noted.  Compare 
Fig.  4,  where  the  scarcity  of  bacilli  and  the  tendency 
to  "  giant  cell "  formation  are  histological  indications 
of  a  less  severe  type  of  infection. 
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PLATE  V. 

Stain.— Carbol-fuchsin  and  methylene  blue. 


Fig.  1.  X  215.  Tonsil  of  Calf  215,  which  died  46 
days  after  subcutaneous  inoculation  of  50  mg.  of 
culture  of  P  XIV,  a  porcine  virus  of  fairly  high 
virulence.  The  illustration  shows  an  accumulation 
of  bacilli  in  a  tonsillar  crypt. 

Fig.  2.  X  537.  From  the  same  tonsil  as  Fig.  1. 
Bacilli  penetrating,  and  others  internal  to,  the  ton- 
sillar epithelium. 

Fig.  3.  X  150.  From  the  small  intestine  of  Monkey 
73,  which  died  89  days  after  subcutaneous  inoculation 
with  0-01  mg.  of  culture  of  H  61.  B.C.  (brain),  a 
human  virus  of  low  virulence  for  the  bovine.  The 
specimen  shows  enormous  numbers  of  bacilli  in  the 
lumen  of  the  gut  (left  half  of  the  figure)  and  bacilli 
passing  between  the  villi  (right  half  of  figure). 

Fig.  4.  X  600.  From  the  same  specimen  as 
Fig.  3.  Transverse  section  of  villi  showing  invasion 
of  bacilli. 


Fig.  5.  X  400.  Udder  of  Cow  74,  which  died  299 
days  after  intramammary  inoculation  of  bacilli  derived 
from  B  I  (a  typical  bovine  virus).  The  specimen  is 
taken  from  an  affected  portion  of  the  mammary 
tissue  showing  early  infection.  Note: — (1)  The  high 
vascularity,  (2)  the  interstitial  infiltration  with  bacilli, 
(3)  the  entrance  of  bacilli  into  the  glandular  epi- 
theleum,  and  (4)  the  excretion  of  bacilli  into  a 
mammary  tubule.  It  is  of  importance  to  note  that 
lesions  such  as  this,  which  are  obviously  unrecog- 
nisable clinically,  excrete  numerous  bacilli. 

Fig.  6.  X  215.  From  the  same  udder  as  Fig.  5. 
A  portion  of  a  circumscribed,  caseous  tubercle,  the 
caseous  centre  being  to  the  right.  The  specimen 
shows  : — (1)  The  large  number  of  bacilli  which  such 
a  tubercle  may  contain,  (2)  the  vascularity  of  the 
cellular  margin,  and  (3)  the  close  proximity  of  the 
bacilli  to  patent  blood-vessels.  This  is  an  example  of 
a  circumscribed  tubercle  from  which  dissemination 
may  readily  occur. 
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PLATE  VI. 


Stain.— Figs.  1,  3,  6,  and  7  are  stained  with  carbol-fuchsin,  eosin,  and  methylene  blue ;  Figs.  2,  4,  and  5 
are  stained  with  carbol-fuchsin  and  methylene  blue. 


Fig.  1.  X  215.  Udder  of  Cow  3,  killed  63  days 
iter  intramammary  inoculation  with  a  culture  of 
H  1.  CM.  (a  human  sputum  virus  of  relatively  low 
virulence  for  experimental  animals).  The  illustration 
shows  portions  of  two  typical  tubercles  of  chronic 
type.  At  the  bottom  of  the  figure  a  glandular  tubule 
has  survived.  Bacilli,  which  were  present  iu  the 
caseous  centres  of  many  of  the  lesions,  do  not  occur  in 
this  figure. 

Fig.  2.  X  400.  Udder  of  Cow  4,  killed  34  days 
after  intramammary  inoculation  with  B  II  (a  typical 
bovine  virus).  Wall  of  milk  siaus,  the  lumen  of  the 
sinus  being  in  the  lower  half  of  the  figure.  Note  the 
vascularity  and  abundance  of  bacilli.  From  breaking 
down  tissue  such  as  this  bacilli  may  readily  escape 
into  the  milk  stream  in  large  numbers. 

Fig.  3.  X  215.  Lung  of  Calf  365,  killed  61  days 
after  subcutaneous  inoculation  with  100  million 
bacilli  of  H  22.  J. P.  (a  human  virus  of  relatively  low 
virulence  for  the  bovine).  The  infection  is  relatively 
mild  in  type,  but  there  is  no  limitation  of  the  lesions 
by  definite  boundary  zones.  The  greater  part  of  the 
tissue  is  still  vascularised.  There  is  an  abundant 
infiltration  of  leucocytes  and  lymphocytes.  Compare 
the  rather  more  severe  lesion  shown  in  Fig.  4,  Plate  IV, 
where  multinuclear  leucocytes  do  not  occur. 


Fig.  4.  X  82.  Lung  of  Calf  525,  killed  90  days 
after  subcutaneous  inoculation  with  50  mg.  of  culture 
of  H  7.  CM.  (a  human  virus  of  high  virulence  for 
young  calves — Calf  525  was  older  than  the  average). 
An  obviously  retrogressive  tubercle.  It  is  almost 
completely  filled  up  with  lymphocytes  ;  there  is  no 
fibrous  zone. 

Fig.  5.  X  82.  Lung  of  Calf  627,  killed  90  days 
after  subcutaneous  inoculation  with  50  mg.  of  culture 
of  H  37.  O.J.  (a  human  virus  of  low  virulence  for 
the  bovine).  An  obviously  retrogressive  tubercle,  sur- 
rounded by  a  densely  fibroid  zone. 

Fig.  6.  X  400.  Liver  of  Pig  94,  killed  61  days 
after  subcutaneous  inoculation  with  1  mg.  of  culture 
of  B  IV  (a  typical  bovine  virus).  The  wall  of  a  vein, 
with  a  pedunculated  tubercle  projecting  into  the 
lumen,  illustrating  the  development  of  a  tubercle 
from  endothelium.  Some  of  the  finely  granular 
oxyphil  leucocytes  are  of  the  mononuclear  type. 

Fig.  7.  X  235.  Epididymis  of  Rabbit  255,  killed 
90  days  after  intraperitoneal  inoculation  with  50  mg. 
of  H  40.  J.G.  (a  human  virus  of  relatively  low  viru- 
lence). A  portion  of  the  wall  of  a  tubule  is  shown, 
with  a  caseous  mass,  crowded  with  bacilli,  projecting 
into  the  lumen.  « 
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PLATE  VII. 

Stain. — For  Figs.  1  and  2  carbol-fuchsin  and  methylene  blue  ;  for  Fig.  3  Kochel's  fibrin  stain  ;  for 
Fig.  4  Kochel's  fibrin  stain  followed  by  thionin  ;  for  Figs.  5  and  6  Kochel's  fibrin  stain  preceded  by  carbol- 
fuchsin  and  followed  by  thionin.    In  the  reproductions  the  fibrin  is  not  black  enough. 


Fig.  1.  X  275.  Lung  of  Chimpanzee  10,  which 
died  113  days  after  feeding  with  O'l  mg.  of  culture  of 
B  IV  (a  typical  bovine  virus).  Typical  caseous  pneu- 
monia, produced  by  feeding  with  a  small  dose  of 
bovine  bacilli. 

Fig.  2.  X  215.  Mesenteric  gland  of  Calf  406, 
killed  91  days  after  subcutaneous  inoculation  with 
10  mg.  of  culture  of  E  II  (an  equine  virus  of  inter- 
mediate virulence).  The  illustration  shows  a  portion 
of  a  caseous  tubercle  with  a  broad  fibrous  margin. 
The  features  of  special  interest  are  the  unusual 
abundance  of  bacilli  within  a  tubercle  of  this  type  and 
the  tendency  of  the  bacilli  to  form  rosettes,  like  avian 
tubercle  bacilli,  although  the  virus  in  question  is  un- 
doubtedly of  mammalian  type. 

Fig.  3.  X  50.  Iliac  gland  of  Cow  500,  killed  when 
moribund  32  days  after  intramammary  inoculation 
with  B  II  (a  typical  bovine  virus).  Early  deposits  of 
fibrin,  which  are  stained  black.  This  is  typical  of 
acute  infection,  and  shows  how  the  early  lesions  may 
be  readily  picked  out  under  a  low  power.    When  the 


specimens  are  also  stained  for  bacilli,  it  is  found,  in 
early  stages  of  acute  infections  such  as  this,  that 
bacilli  occur  in  association  with  the  deposits  of  fibrin. 

Fig.  4.  X  50.  Udder  of  Cow  75,  killed  when  very 
ill  34  days  after  intramammary  inoculation  with  bacilli 
from  H  14.  F.S.  (a  human  virus  of  high  virulence  for 
the  bovine).  Early  deposits  of  fibrin  in  acute  infec- 
tion of  the  udder. 

Fig.  5.  X  400.  Liver  of  Calf  711,  which  died  33 
days  after  subcutaneous  inoculation  with  50  mg.  of 
culture  of  H  16.  J.H.  through  Calf  317  (a  human 
virus  which  in  this  experiment  proved  to  be  of  high 
virulence).  The  figure  shows  the  association  of  bacilli 
with  deposits  of  fibrin  in  acute  infection  of  the  liver. 

Fig.  6.  X  400.  Liver  of  Calf  544,  which  died  33 
days  after  intravenous  inoculation  with  10  mg.  of 
culture  of  A  VIII  (a  typical  avian  virus).  Acute 
infection,  characterised  by  abundant  deposit  of  fibrin, 
produced  in  the  liver  of  the  calf  by  intravenous 
inoculation  with  avian  bacilli. 
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PLATE  VIII. 


Stain. — Kochel's  stain  for  fibrin,  which,  in  Figs.  4-6,  is  preceded  by  carbol-fuchsin  and 
followed  by  thionin.    In  the  reproductions  the  fibrin  is  not  black  enough. 


Fig.  1.  X  50.  Lung  of  Calf  711.  (The  liver  is 
shown  in  Fig.  5  of  Plate  VII.)  Low  power  view  of 
deposits  of  fibrin  in  acute  infection  of  the  lung. 

Fig.  2.  X  150.  Lung  of  Calf  551  (a  bull-calf 
10  months  old),  which  died  21  days  after  intravenous 
inoculation  with  100  mg.  of  culture  of  H  25.  A.T. 
(a  human  virus  of  low  virulence  for  the  bovine  when 
inoculated  subcutaneously).  The  lungs  were  acutely 
infected.  The  specimen  shows  the  thickened  pleura 
with  fibrinous  deposit  amongst  unstained  exudate. 
The  margin  of  the  alveolar  tissue  is  seen  at  the 
bottom  of  the  figure. 

Fig.  3.  X  112.  Lung  of  Chimpanzee  18,  which 
died  116  days  after  feeding  with  "01  mg.  of  culture  of 
B  IX.  (a  typical  bovine  virus).  Acute  infection  of 
the  lung,  with  abundant  deposit  of  fibrin,  after 
feeding  with  a  small  dose  of  bovine  bacilli. 

Fig.  4.  X  600.  Lung  of  Chimpanzee  3,  which  died 
77  days  after  feeding  with  1  mg.  of  culture  of  H  25. 


A.T.  (a  human  virus  of  low  virulence  for  the 
bovine).  A  high  power  view  showing  acute  infection 
with  abundant  deposits  of  fibrin,  after  feeding  with 
bacilli  of  human  origin. 

Fig  5.  X  610.  Lung  of  Calf  93,  which  died  73 
days  after  intraperitoneal  inoculation  with  600,000 
bacilli  from  H.  2.  Sp.  A.  through  Calf  79  (a 
human  sputum  virus  of  high  virulence  for  the 
bovine).  A  high  power  view  showing  deposits  of 
fibrin  in  the  bovine  lung  owing  to  acute  infection 
produced  by  a  small  (intraperitoneal)  dose  of  virulent 
bacilli  derived  from  human  sputum. 

Fig.  6.  X  400.  Lung  of  Calf  544.  (The  liver 
is  shown  in  Fig.  6  of  Plate  VII.)  Fibrin  forma- 
tion produced  in  the  calf's  lung  by  acute  infection  due 
to  intravenous  inoculation  of  10  mg.  of  culture  of 
avian  bacilli.  In  addition  to  the  fibrin,  the  catarrhal 
exudate  filling  the  alveoli  is  well  shown. 
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PLATE  IX. 

Stain. — Pappenheim's  stain  for  plasma  cells.    Figs.  5  and  6  have  been  previously  stained  with  carbol-fuchsin. 


Fig.  1.  X  600.  Bronchial  gland  of  Calf  101, 
killed  when  moribund  41  days  after  intravenous 
inoculation  with  48,000  bacilli  from  H.  7.  CM.  (a 
human  virus  of  high  virulence  for  the  bovine).  This 
figure  is  taken  from  a  normal  (medullary)  portion  of 
the  lymphatic  gland,  and  shows  the  characteristic 
appearances  of  large  lymphocytes  when  stained  by 
Pappenheim's  method. 

Fig.  2.  X  600.  Fiom  a  lesion  in  the  cortical 
portion  of  the  same  gland  as  Fig.  1.  The  illustration 
shows  that  cells  which  react  to  Pappenheim's  stain  do 
not  take  an  active  part  in  the  formation  of  tubercles 
but  disappear  from  the  lesions,  which  are  developed 
from  the  glandular  frame-work.  Outside  the  lesion, 
to  the  left,  normal  large  lymphocytes  are  seen. 

Fig.  3.  X  275.  Liver  of  Pig  150,  killed  14  days 
after  subcutaneous  inoculation  with  20  mg.  of  culture 
of  B  IV.  (a  typical  bovine  virus).  The  illustration 
shows  the  infiltration  of  plasma  cells  into  an  early 
tubercle.  It  will  be  noted  that : — (1)  The  lesion  shows 
very  little  breaking  down  (i.e.,  irritant)  material  ; 
(2)  the  plasma  cells  appear  to  be  passing  in  from  the 
interlobular  tissue  ;  (3)  they  vary  in  outline  from 
spherical  to  spindle-shaped. 


Fig.  4.  X  600.  Liver  of  Rabbit  1283,  killed  29 
days  after  intravenous  inoculation  with  50  mg.  of 
killed  culture  of  bovine  bacilli.  Peripheral  infiltration 
of  plasma  cells  surrounding  the  relatively  mild  type  of 
lesion  which  is  produced  by  dead  bacilli.  When  in 
proximity  to  lesions  where  more  active  tissue 
destruction  is  at  work,  plasma  cells  rapidly  become 
disintegrated. 

Fig.  5.  X  600.  Local  lesion  of  Calf  292,  killed 
eight  days  after  subcutaneous  inoculation  with  50  mg. 
of  culture  of  B  IV.  (a  typical  bovine  virus).  The 
figure  illustrates  the  disintegration  of  plasma  cells  in 
the  neighbourhood  of  tubercle  bacilli  and  their 
inability  to  ingest  such  bacilli. 

Fig.  6.  X  600.  Local  lesion  of  Calf  510,  killed  96 
days  after  subcutaneous  inoculation  with  50  mg.  of 
culture  of  Z  III.  (a  virus  of  relatively  low  virulence 
derived  from  an  antelope).  The  lesion  is  of  retro- 
gressive type  and  is  undergoing  fibroid  change, 
although  bacilli  are  still  present,  chiefly  within  con- 
nective tissue  cells.  The  infiltrating  plasma  cells  are 
normal  in  appearance,  in  contrast  to  the  plasma  cells 
found  in  the  acute  infection  shown  in  Fig.  5. 
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PLATE  X. 
Stain. — Pappenheim'a  stain  for  plasma  cells. 


Fig.  1.  X  400.  From  the  same  local  lesion  as 
Fig.  6,  Plate  IX,  but  nearer  to  the  periphery.  The 
outermost  zone  (upper  part  of  figure)  consists  of  a 
broad  and  dense  layer  of  fibrous  tissue.  Internal  to 
this  (lower  part  of  figure)  is  a  zone  of  less  compact 
connective  tissue,  abundantly  infiltrated  with  plasma 
cells.  No  bacilli  are  present  in  this  region.  Passing 
further  inwards,  below  the  lowest  part  of  the  figure, 
would  be  found  the  area  shown  in  Fig.  6,  Plate  IX. 

Fig.  2.  X  240.  Lung  of  Goat  28,  which  died  91 
days  after  subcutaneous  inoculation  with  '01  mg.  of 
culture  of  B  V  (a  typical  bovine  virus).  The  speci- 
men shows  the  infiltration  of  plasma  cells  in  the  wall 
of  a  typical  caseous,  circumscribed  tubercle  of  the 
lung.  The  caseous  interior  of  the  tubercle  is  upwards 
and  to  the  left. 

Fig.  3.  y  340.  Kidney  of  Calf  301,  killed  when 
very  ill  33  days  after  subcutaneous  inoculation  with 
540  million  bacilli  from  H  13.  A.D.  (a  human  virus 
which  in  this  experiment  was  of  high  virulence  for 
the  bovine).  Early  tuberculosis  of  the  kidney  with 
the  characteristic  interstitial  infiltration  and  com- 
rnencing  disintegration  of  the  adjacent  renal  epithe- 
lium. The  specimen  shows  the  participation  of 
plasma  cells  in  the  infiltration. 

Fig.  4.     X  240.     Lung   of  Calf  312,  killed  in 


apparently  good  health  90  days  after  subcutaneous 
inoculation  with  50  mg.  of  culture  of  P  IV  (a 
porcine  virus  of  relatively  low  virulence  for  cattle). 
Plasma  cells  in  the  areolar  tissue  surrounding  a 
small  bronchus.  Plasma  cells  originate  in  such  situa- 
tions as  this  (and  also  in  the  connective  tissue  area 
surrounding  blood-vessels)  and  then  migrate  towards 
the  lesions  caused  by  the  tubercle  bacillus.  The 
plasma  cells  first  appear  as  elongated  cells  which  are 
distinguished  from  the  fixed  connective  tissue  cells  by 
their  reaction  to  the  pyronin  stain  ;  when  in  process 
of  migration,  their  protoplasm  swells  up  and  tends  to 
assume  a  more  spherical  form. 

Fig.  5.  X  340.  Udder  of  Cow  3,  killed  63  days 
after  intramammary  inoculation  with  culture  of 
H  1.  CM.  (a  human  sputum  virus  of  low  virulence 
for  cattle).  The  infection  of  the  udder  was  of 
relatively  mild  type,  but  progressive.  The  specimen 
shows  the  participation  of  plasma  cells  in  the  in- 
filtration which  is  prior  to  the  formation  of  definite 
tubercles. 

Fig.  6.  X  600.  From  the  same  udder  as  Fig.  5. 
A  portion  of  the  wall  of  a  chronic  tubercle  of  the 
udder,  the  caseous  area  being  above  the  figure 
Transitional  stages  showing  the  transformation  of 
plasma  cells  into  fibroblasts. 
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PLATE  XI. 

Stain.— Carbol-fuchsin  followed  by  eosin  and  methylene  blue. 
Magnification. —  X  6C0,  except  Fig.  13,  the  magnification  of  which  is  X294. 

In  Figs.  7,  8,  9,  and  10  the  blurred  appearance,  caused  by  the  escape  of  nuclear  material  into  the 
surrounding  protoplasm,  has  not  been  reproduced  very  successfully. 


Figs.  1-11  represent  early  lesions  produced  in  the 
liver  of  the  rabbit  after  inoculation  in  the  vein  of 
an  ear  with  1  mg.  of  culture  of  avian  tubercle 
bacilli.  Comparison  may  be  made  with  Plate  I, 
which  shows  the  efiPects  of  similar  doses  of  mam- 
malian bacilli.  In  Plate  XI,  Fig.  9  shows  a  typical 
well-developed  lesion  (compare  Fig.  9  of  Plate  I), 
and  the  preceding  figures  show  the  way  in  which  it 
is  produced  (compare  the  preceding  figures  of 
Plate  I). 

Fig.  1.  24  hours  after  inoculation.  A  bacillus  in 
contact  with  an  endothelial  cell,  the  nucleus  of  which 
is  swollen  and  stains  more  darkly  than  is  normal. 

Fig.  2.  24  bonis  after  inoculation.  Two  bacilli 
in  contact  with  a  swollen  endothelial  nucleus.  The 
figure  is  complicated  by  the  presence  in  the  capillary 
of  some  circulating  cells.  The  disintegrated  cells 
with  blue  protoplasm  are  possibly  desquamated  endo- 
thelium. A.  multi nuclear  leucocyte  is  in  contact  with 
a  bacillus. 

Fig.  3.  Five  days  after  inoculation.  A  more 
advanced  stage  than  tbat  shown  in  Fig.  1.  The 
bacilli  have  multiplied  within  an  endothelial  cell,  the 
nucleus  of  which  has  divided  into  two. 

Fig.  4.  Three  days  after  inoculation.  Further 
splitting  of  endothelial  nuclei  ;  tendency  of  the  bacilli 
to  grow  into  a  rosette  form. 

Fig.  5.  Five  days  after  inoculation.  Bacilli  are 
present  inside  the  endothelium  ;  they  have  also 
passed  into  the  liver  cells,  which  are  beginning  to  be 
infiltrated  with  leucocytes  and  lymphocytes. 

Fig.  6.  Five  days  after  inoculation,  A  typical 
rosette  formation  of  bacilli  within  a  liver  cell.  With 
the  exception  of  slight  swelling  of  the  nucleus  of 
the  adjacent  endothelial  cell,  there  is  no  evidence  of 
tissue  reaction. 

Fig.  7.  Fight  days  after  inoculation.  An  early 
tubercle,  showing  increase  of  nuclei  by  direct  division. 
It  is  no  longer  possible  to  distinguish  between  endo- 
thelial and  liver  cell  nuclei.  The  nuclei  in  the 
affected  area  stain  more  darkly  than  those  of  normal 
cells  and,  as  shown  by  the  diffuse  blue  stain,  there  is 
some  escape  of  nuclear  material  into  the  surrounding 
protoplasm  (compare  Figs.  7-9  of  Plate  I).  In 
order  to  bring  into  prominence  this  diffusion  of  the 
nuclear  stain,  which  is  characteristic  of  early  lesions, 
more  eosin  has  been  left  in  the  specimen,  thus  con- 
trasting the  afcected  area  with  the  pink  protoplasm 
and  pale  nuclei  of  the  surrounding  normal  tissue. 

Fig.  8.  11  days  after  inoculation.  Early  tubercle 
formation,  in  a  more  advanced  stage  than  is  shown  in 


Fig.  7.  Multiplication  by  direct  division  of  liver 
cell  nuclei  and  endothelial  nuclei  ;  one  liver  cell 
nucleus  with  a  mitotic  figure.  Increase  of  bacilli, 
which  are  notably  small. 

Fig.  9.  From  another  area  of  the  same  section  as 
Fig.  8,  showing  a  more  advanced  stage  of  tubercle 
formation  than  the  latter.  Note  the  sharp  demarca- 
tion between  the  affected  area  and  the  surrounding 
normal  tissue,  with  no  intermediate  zone  of  inflam- 
matory change  such  as  is  commonly  found  in  lesions 
caused  by  mammalian  bacilli.  A  tew  small  lympho- 
cytes have  invaded  the  tubercle  but  only  one  multi- 
nuclear  leucocyte.  Compared  with  Fig.  8,  there  is 
an  increase  of  bacilli  and  more  breaking  down  of  the 
cell  protoplasm.  The  blurred  appearance  in  the 
upper  part  of  the  lesion  is  due  to  the  diffuse  staining 
of  dissolved  nuclear  material. 

Fig.  10.  From  another  area  of  the  same  section 
as  Figs.  8  and  9.  The  changes  in  the  fixed  tissue 
cells  are  much  the  same  as  in  Fig.  9,  but  there  is 
much  more  evidence  of  irritant  action,  as  shown  by 
the  invasion  of  multinuclear  leucocytes  and  the 
presence  of  nuclear  remains  of  these  cells.  With 
the  exception  of  two  in  the  upper  part  of  the  field 
(one  to  the  left  and  one  to  the  right),  the  leucocytes 
do  not  contain  bacilli. 

Fig.  11.  14  days  after  inoculation.  An  example 
of  a  "giant  cell"  produced  by  the  avian  bacillus. 
The  bacilli  have  been  growing  abundantly  within  the 
"cell"  and  are  very  small.  This  figure  may  be  com- 
pared with  Fig.  3  of  Plate  II,  which  shows  a  "  giant 
cell  "  produced  by  a  mammalian  bacillus. 

Fig.  12.  Liver  of  Pig.  248,  which  died  47  days  after 
intravenous  inoculation  with  50  mg.  of  culture  of  avian 
bacilli  (A  VIII).  This  area  is  typical  of  the  condition 
found  in  the  liver  of  this  animal.  Note  : — (1)  the 
profuse  growth  of  bacilli,  with  a  tendency  to  rosette 
formation;  (2)  the  huge  "giant  cell"  showing 
multiplication  of  nuclei  by  irregular  longitudinal 
splitting  ;  (3)  the  absence  of  wandering  cells,  with 
the  exception  of  a  few  small  lymphocytes  ;  (4)  the 
presence  of  numerous  bacilli  in  the  blood-stream. 

Fig.  13.  X  294.  Mesenteric  gland  of  Pig.  180,  killed 
105  days  after  subcutaneous  inoculation  with  50  mg. 
of  culture  of  avian  bacilli  (A  VII).  A  portion  of  a 
lymph  space.  From  the  endothelium  which  covers  it 
a  tubercle  has  developed  and  projects  into  the  lumen. 
Numerous  bacilli  are  present  in  the  tubercle  and  some 
are  also  found  attached  to  loose  broken-down  cells 
in  the  lymph  channel.  It  is  exceptional  to  find  such 
abundant  dissemination  of  avian  bacilli  in  the  pig 
after  subcutaneous  inoculation. 
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PLATE  XII. 


Stain. — Figs.  1-4  are  stained  with  carbol-f  uchsin  and  counterstained  with  orange  Gr  and  methylene  blue  ; 
Figs.  5  and  6  are  stained  with  carbol-f  uchsin,  eosin,  and  methylene  blue. 


Fig.  1.  X  240.  Lung  of  Fowl  108,  which  died 
35  days  after  intravenous  inoculation  with  50  mg.  of 
culture  of  an  avian  virus  (A  IV).  The  figure  shows  : 
(1)  growth  of  the  bacilli  into  solid  clumps,  particu- 
larly in  the  connective  tissue  septa  ;  (2)  an  almost 
complete  absence  of  tissue  reaction.  The  fowl's  lung 
is  more  resistant  than  the  liver  and  spleen  to  the  avian 
bacillus :  but,  after  intravenous  inoculation,  lung 
tissue  which  appears  normal  to  the  naked  eye  may 
contain  numerous  bacilli. 

Fig.  2.  X  240.  Lung  of  Fowl  82,  which  died  53 
days  after  intravenous  inoculation  with  10  mg.  of 
culture  of  mammalian  bacilli  (from  the  bovine  virus 
B  XXVI).  The  specimen  shows  semi-caseous  tubercles 
which  are  non-vascular  and  are  bounded  by  a  well 
marked  fibrous  zone.  Within  the  interior  of  the 
tubercles  the  bacilli  have  evidently  multiplied.  (Such 
multiplication  of  mammalian  bacilli  in  the  tissues  of 
the  fowl  is  not  very  common.)  Comparing  Figs.  1 
and  2,  it  is  noteworthy  that  the  mammalian  bacillus 
has  caused  more  tissue  destruction  of  the  fowl's  lung 
than  the  avian  bacillus. 

Fig.  3.  X  215.  Spleen  of  Fowl  100,  which  died 
33  days  after  intravenous  inoculation  with  1  mg.  of 
culture  of  P  III  (a  typical  avian  virus  isolated  from  a 
pig).  This  is  typical  of  the  fowl's  spleen  after  infec- 
tion by  the  intravenous  method  with  avian  bacilli. 
Note  : — (1)  the  abundant  growth  of  bacilli  into  dis- 
crete islands  ;  (2)  the  formation,  round  each  group  of 
bacilli,  of  concentric  layers  of  hyaline  deposit ;  (3)  the 
presence,  at  the  margin  of  some  of  the  larger  nodules, 
of  a  scanty  layer  of  fibrous  tissue  ;  (4)  the  general 
absence  of  any  tissue  reaction  leading  to  tubercle 
formation. 

Fig.  4.  X  215.  Spleen  of  Fowl  26,  killed  92  days 
after  feeding  with  10  rag.  of  culture  of  P  XXI  (a 
typical  avian  virus  isolated  from  a  pig).  This  lesion, 
in  contrast  to  Fig.  3,  is  typical  of  the  chronic  type  of 


disease  produced  in  the  fowl  by  avian  bacilli  not 
directly  introduced  into  the  blood-stream.    Note  : — 

(1)  the  broad  peripheral   zone  of  fibrous   tissue ; 

(2)  internal  to  this,  the  zone  of  nuclear  multiplica- 
tion ;  (3)  the  completely  caseous  centre.  In  such 
lesions  bacilli  are  usually  scarce  ;  none  were  seen  in 
the  section  of  the  particular  lesion  illustrated.  This 
scarcity  of  bacilli  is  to  be  contrasted  with  the  abun- 
dant growth  of  bacilli  after  intravenous  inoculation. 

Fig.  5.  X  294.  Liver  of  Fowl  264,  killed  162  days 
after  feeding  with  the  tissues  of  a  rat  which  had  been 
infected  with  an  avian  virus  (A  X).  A  portion  of  a 
typical  chronic  tubercle  produced  by  feeding.  Note : — 

(1)  the  marginal  portion  of  the  caseous  centre  is 
vacuolated,  a  feature  which  seems  to  be  peculiar  to 
areas  of  caseation  produced  by  the  avian  bacillus ; 

(2)  the  fibrous  zone  comes  into  close  contact  with  the 
caseous  area  ;  (3)  two  bile  ducts  have  survived  in  the 
outer  part  of  the  fibrous  zone  ;  (4)  external  to  the 
fibrous  zone  is  a  dense  infiltration  of  the  fowl's  ordi- 
nary "finely  granular"  leucocytes;  (5)  some  red 
corpuscles  have  survived  in  the  afiEected  areas,  though 
apparently  cutoff  from  the  blood-channels  ;  (6)  bacilli 
are  confined  to  the  caseous  centre,  where  they  occur  in 
small  numbers. 

Fig.  6.  X  600.  From  the  wall  of  a  large  lesion  in 
the  intestine  of  Fowl  264.  Note  : — (1)  in  the  caseous 
area,  to  the  right,  several  red  corpuscles  have  survived 
but  show  nuclear  disintegration,  which  makes  them 
resemble  mammalian  leucocytes  (this  survival  of  the 
fowl's  red  corpuscles  within  caseous  areas  is  common)  ; 
(2)  in  the  cellular  wall  there  is  an  abundant  prolifera- 
tion and  nuclear  fragmentation  of  cells  of  endothelial 
type  ;  (3)  penetrating  this  layer  is  an  infiltration  of 
the  fowl's  multinuclear  leucocytes  ;  (4)  the  granules 
of  these  leucocytes  are  somewhat  oblong  ;  (5)  bacilli 
are  not  confined  lo  the  caseous  centre  ;  there  is  one  in 
the  wall  of  the  lesion  at  the  extreme  left  of  the 
figure. 
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PLATE  XIII. 


STAiN.-Carbol-fuchsin  followed  (1)  by  methylene  blue  for  Figs  1  3  and  5,  (2)  by  orange  G  and 
methylene  blue  for  Fig.  2,  and  (3)  by  eosin  and  methylene  blue  for  Figs.  4,  b,  and  7. 


Fig.  1.  X  77.  Lung  of  Fowl  158,  which  died  108 
days  after  subcutaneous  inoculation  with  1  mg.  of 
culture  of  P  II  (a  typical  avian  virus  isolated  from  a 
pig).  An  example  showing  that  subcutaneous  inocu- 
lation of  avian  bacilli,  which  causes  a  more  chronic 
type  of  infection  than  intravenous  inoculation,  pro- 
duces extensive  patches  of  caseation  in  the  lungs. 
(Contrast  Fig.  1,  Plate  XII.)  Comparing  the  smaller 
with  the  larger  foci  it  will  be  seen  that  the  bacilli 
grow  for  a  time  without  producing  any  notable  tissue 
reaction,  then  after  a  certain  stage  is  reached  caseation 
sets  in.  Note  the  absence  of  a  zone  of  inflammatory 
reaction  at  the  margin  of  the  lesions. 

Fig.  2.  X  215.  Lung  of  Fowl  80,  which  was  killed 
102  days  after  intravenous  inoculation  with  1  mg.  of 
culture  of  B  XXVI  (a  mammalian  virus  of  bovine 
origin).  A  portion  of  a  chronic  tubercle  of  a  similar 
type  to  the  one  shown  in  Fig.  2,  Plate  XII,  but  in  a 
more  advanced  stage.  In  spite  of  the  small  dose 
the  bovine  bacilli  have,  in  this  exceptional  case, 
succeeded  in  multiplying  abundantly.  They  appear 
to  be  completely  cut  off  from  the  circulating  fluids  of 
the  body.  Note  :— (1)  the  sudden  transition  between 
the  caseous  area  and  the  surrounding  cellular  area  ; 

(2)  very  few  bacilli  have  survived  in  the  latter  area  ; 

(3)  this  area  is  again  bounded  by  a  broad  fibrous 
zone  ;  (4)  the  transition  between  the  loose  cellular 
zone  and  the  fibrous  zone  is  abrupt  ;  (5)  both  zones 
are  completely  avascular. 

Fig.  3.  X  275.  Lung  of  Goat  48,  killed  when  ill 
83  days  after  subcutaneous  inoculation  with  50  mg. 
of  culture  of  an  avian  virus  (A  X).  A  portion  of  a 
caseous  tubercle,  the  caseous  interior  being  to  the 
lower  half  of  the  drawing.  Note  :— (1)  the  scarcity 
of  bacilli  in  the  caseous  area  ;  (2)  tbeir  abundance 
and  typical  rosette  formations  in  the  cellular  zone  ; 
(3)  the  marked  vascularity  of  this  latter  zone.  (This 
is  an  exceptional  case  ;  it  is  not  the  common  effect  of 
subcutaneous  inoculation  of  avian  bacilli  in  the  goat.) 

Fig.  4.  X  275.  Portal  gland  of  Calf  544,  which 
died  33  days  after  intravenous  inoculation  with  10  mg. 
of  culture  of  an  avian  virus  (A  YIII).    The  bacilli 


have  grown  very  abundantly,  with  typical  rosette 
formations,  but  have  produced  very  little  tissue 
destruction.  The  absence  of  irritant  effects  is  re- 
markable. Only  one  finely  granular  oxyphil  leucocyte 
is  present  in  the  entire  field.  (It  is  in  the  capillary  at 
tbe  upper  part  of  the  drawing.) 

Fig.  5.  X  150.  Portal  gland  of  Calf  412,  killed 
99  days  after  subcutaneous  inoculation  with  50  mg. 
of  culture  of  P  XXI  (a  typical  avian  virus  isolated 
from  a  pig).  The  lesion  is  indistinguishable  from 
lesions  which  might  have  been  produced  by  mam- 
malian bacilli.  Usually  very  little  disease  is  produced 
in  the  calf  by  subcutaneous  inoculation  with  avian 
bacilli,  and  in  this  case  the  amount  of  disease  was 
slight  and  mild  in  type.  It  is  noteworthy  that  there 
is  not  much  tissue  reaction  at  the  periphery  oE  the 
lesion;  the  bacilli  appear  to  be  growing  in  fairly 
large  numbers,  both  in  the  caseous  interior  and  in 
the  cellular  margin,  without  producing  any  peripheral 
reaction  of  an  inflammatory  nature.  A  comparison 
between  Figs.  4  and  5  shows  the  difference  in  effect 
between  intravenous  and  subcutaneous  inoculation. 

Fig.  6.  X  215.  Liver  of  Fowl  96,  which  died 
37  days  after  intravenous  inoculation  with  10  mg. 
of  culture  of  an  avian  virus  (A  II).  Typical  acute 
infection  of  the  fowl's  liver  after  intravenous  inocula- 
tion with  avian  bacilli.  The  liver  cells  are  to  a  large 
extent  replaced  by  colonies  of  bacilli.  There  is  an 
absence  of  tubercle  formation  and  of  invasion  with 
multinuclear  leucocytes.    Contrast  Fig.  5,  Plate  XII. 

Fig.  7.  X  600.  Liver  of  Fowl  338,  which  died 
19  days  after  intravenous  inoculation  with  6  mg.  of 
culture  of  mammalian  bacilli  from  the  bovine  virus 
B  XXVI.  Compared  with  Fig.  6,  this  figure  shows 
the  difference  in  the  action  of  mammalian  bacilli 
upon  the  fowl's  liver.  The  bacilli  are  scanty,  and 
those  which  have  survived  have  become  long  and 
somewhat  beaded  ;  they  show  no  signs  of  continued 
growth.  The  lesion  shows  necrotic  change  of  the 
liver  cells.  There  is  no  marked  cellular  infiltration. 
A  few  leucocytes  and  red  blood-corpuscles  are  seen. 
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Stain. — For  Figs.  1  and  2,  carbol-fuchsin  and  methylene  blue  ;  for  Figs.  3-6.  carbol-fucshin,  eosin, 
and  methylene  blue. 


Fig.  1.  X  275.  Lung  of  Monkey  198,  which  died 
28  days  after  intravenous  inoculation  with  100  mg.  of 
culture  of  avian  bacilli  (A  X).  Numerous  bacilli  are 
present  in  the  alveolar  walls  but  have  caused  no  tissue 
reaction.  The  specimen  shows  a  remarkable  absence 
of  irritant  or  other  pathological  chinge  after  a  large 
intravenous  dose. 

Fig.  2.  X  275.  Spleen  of  Monkey  198.  Profuse 
growth  of  bacilli,  with  no  marked  tissue  reaction. 

Fig.  3.  X  340.  Lung  of  Pig  236,  which  died 
120  days  after  intravenous  inoculation  with  an  emul- 
sion of  tissue  (Calf  566)  containing  avian  bacilli 
(A  X).  Profuse  multiplication  of  bacilli,  with 
rosette  formations.  Thickening  of  alveolar  walls  ; 
infiltration  of  small  lymphocytes  but  not  of  multi- 
nuclear  leucocytes. 

Fig.  4.  X  294.  Mesenteric  gland  of  Pig  178, 
killed  101  days  after  feeding  with  100  mg.  of  culture 
of  avian  bacilli  (A  VII).  The  lymphoid  tissue  is 
almost  completely  replaced  by  bacilli.     Masses  of 


bacilli  are  also  circulating  in  the  lymph  sinus,  a 
portion  of  which  is  shown  in  the  upper  part  of  the 
figure.  Leucocytes  are  scanty  ;  only  two  are  present 
which  stain  with  eosin.  It  is  exceptional  for  this 
enormous  growth  of  avian  bacilli  to  occur  in  the  pig 
after  feeding. 

Fig.  5.  X  610.  Liver  of  Pig  178.  Prof  use  growth 
of  bacilli  and  rosette  formations,  without  tissue  de- 
struction. The  interior  of  liver  cells  is  seen  to  be  the 
most  favourable  site  for  the  growth  of  the  bacilli.  It 
will  be  noticed  that- several  of  the  leucocytes  contain 
bacilli.  It  is  also  interesting  to  note  that  bacilli  occur 
within  the  one  coarsely  granular  leucocyte  present. 

Fig.  6.  X  240.  Lung  of  Pig  178.  Compared  with 
the  lung  of  Pig  236  (Fig.  3),  where  the  bacilli  arrived 
directly  by  intravenous  inoculation  of  tissue  emulsion, 
there  is  much  less  thickening  of  the  alveolar  walls. 
The  bacilli  are  growing  freely,  and  many  are  present 
within  blood-vessels.  There  is  an  infiltration  of  small 
lymphocytes  but  not  of  multinuclear  leucocytes. 
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PLATE  XV. 

Stain. — For  Figs.  1,  2,  3,  and  5,  carbol-fuchsin,  eosin,  and  methylene  blue  ;  for  Figs.  4,  6,  and  7,  carbol- 
fuchain  and  methylene  blue. 


•  Fig.  1.  X  537.  Lung  of  Calf  544,  which  died  33 
days  after  intravenous  inoculation  with  10  mg.  of 
culture  of  avian  bacilli  (A  VIII).  Compare  Fig.  6  of 
Plate  VIII,  where  the  deposit  of  fibrin  in  the  same 
lung  is  shown.  The  present  figure  shows  an  abundant 
catarrhal  exudate,  with  well  marked  leucocytosis.  None 
of  the  leucocytes  contain  bacilli. 

Fig.  2.  X  400.  Lung  of  Rabbit  1556,  killed  14 
days  after  in  ravenous  inoculation  with  1  mg.  of 
avian  bacilli.  (The  liver  of  this  rabbit  is  shown  in 
Fig.  11,  Plate  XI.)  After  intravenous  inoculation 
with  avian  bacilli,  the  lung  of  the  rabbit  is  more 
resistant  than  that  of  the  calf.  This  specimen  shows 
a  small  patch  of  partial  consolidation  and  commencing 
caseation.  Compared  with  Fig.  1.  there  is  less  en- 
gorgement of  blood-capillaries  and  less  leucocytosis. 
None  of  the  leucocytes  present  contain  bacilli. 

Fig.  3.  X  275.  Small  intestine  of  Goat  48,  killed 
83  days  after  subcutaneous  inoculation  with  50  mg.  of 
culture  of  avian  bacilli  (A  X).  The  lumen  of  the  gut 
is  to  the  right.  The  epithelium  and  submucosa  are 
extensively  damaged  and  are  overrun  with  bacilli, 
which  have  grown  into  rosettes.  Multinuclear  leuco- 
cytes are  present,  and  some  of  them  contain  clumps 
of  bacilli ;  the  protoplasm  of  these  cells  has  failed 
to  stain  with  eosin. 

Fig.  4.  X  400.  Synovial  membrane  of  knee-joint 
of  Rabbit  884,  killed  143  days  after  subcutaneous 
inoculation  with  10  mg.  of  culture  of  avian  bacilli 
(A  II).    The  specimen  is  typical  of  the  affection  of 


the  joints  which  commonly  occurs  in  rabbits  in  which 
a  chronic  type  of  disease  has  been  set  up  by  the  avian 
bacillus. 

Fig.  5.  X  600.  Lung  of  Guinea-pig  1962,  killed 
109  days  after  subcutaneous  inoculation  with  avian 
bacilli  (A  V)  contained  in  a  tissue  emulsion  from  a  spon- 
taneously affected  pheasant.  It  is  uncommon  to  find 
lesions  produced  in  the  lung  of  the  guinea-pig  by 
subcutaneous  inoculation  with  avian  bacilli.  In  this 
animal  several  small  foci  such  as  the  one  figured  were 
present.  There  is  disintegration  of  the  epithelial  and 
endothelial  cells,  with  increase  of  their  nuclei,  and  an 
infiltration  of  multinuclear  leucocytes  and  lympho- 
cytes. Bacilli  are  scanty  ;  in  the  upper  part  of  the 
field,  to  the  left,  two  are  present  within  a  group  of 
leucocytes. 

Fig.  6.  X  275.  Liver  of  Monkey  196,  which  died 
29  days  after  intravenous  inoculation  with  10  mg.  of 
culture  of  an  avian  virus  (A  X).  A  tubercle  produced 
by  the  avian  bacillus  in  the  endothelium  of  a  blood- 
vessel. The  lumen  of  the  vessel  lies  to  the  upper 
part  of  the  field. 

Fig.  7.  X  275.  Spleen  of  Monkey  216,  which 
died  66  days  after  subcutaneous  inoculation  with 
1  mg.  of  culture  of  mammalian  bacilli  derived  from 
an  equine  virus  (B  II).  This  specimen  is  figured 
because  it  bears  a  curious  resemblance  to  infection 
with  avian  bacilli  (dense  multiplication  of  bacilli  and 
growth  into  clumps,  with  little  tissue  change).  Com- 
pare Fig.  2,  Plate  XIT.  Culturally,  however,  the 
virus  B  II  is  typically  mammalian. 
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PLATE  XVI. 

Stain. — Carbol-fuchsin. 
Magnification. —  x  2150. 


Fig.  1.  From  a  culture,  14  days  old,  on  inspissated 
horse  serum,  of  a  typical  mammalian  virus  of  high 
pathogenicity  to  experimental  animals  and  of  poor 
cultural  growth.  The  virus  (P  XXVI)  was  isolated 
from  a  pig  and  proved  identical  in  every  respect  with 
numerous  viruses  isolated  from  cattle.  The  bacilli 
are  short  and  comparatively  thick  ;  some  of  them 
show  a  central  constriction. 

Fig.  2.  From  a  culture,  20  days  old,  on  inspissated 
horse  serum,  of  a  mammalian  virus  of  low  experi- 
mental pathogenicity  to  bovines  and  rabbits  and  of 
vigorous  cultural  growth.  The  virus  (H  23.  J.P.) 
was  isolated  from  a  human  being.  The  bacilli  are 
very  short ;  some  of  them  show  a  central  constriction. 
The  clump  at  the  bottom  of  the  figure  illustrates  the 
tendeiicy  of  mammalian  bacilli  to  stick  together  and 
the  difficulty  of  separating  them  by  emulsification. 
The  bacilli  from  serum  cultures  of  this  virus  proved 
shorter  than  the  average  vigorously  growing  bacillus 
of  human  origin.  This  figure  illustrates  the  impossi- 
bility of  distinguishing  with  certainty,  under  the 
microscope,  "human"  from  ''bovine"  bacilli. 

Fig.  3.  From  a  culture,  14  days  old,  on  inspissated 
bovine  serum,  of  a  mammalian  virus  of  low  experi- 
mental pathogenicity  to  bovines  and  rabbits  and  of 
vigorous  cultural  growth.  The  virus  (H  67.  E.P.) 
was  isolated  from  a  human  being.  Many  of  the  bacilli 
are  exceptionally  long  and  irregular  for  a  young 
growth  on  pure  serum.  Short  forms,  some  with  a 
central  constriction,  are  also  present.  The  presence 
in  a  "  human"  virus  of  long,  serum-grown  forms  such 
as  those  shown  in  this  figure  is  by  no  means  constant, 
and  cannot  be  relied  on  as  an  aid  to  diagnosis. 

Fig.  4.  From  a  culture,  44  days  old,  on  glyceri- 
nated  broth,  of  a  typical  mammalian  virus  of  high 
pathogenicity  to  experimental  animals  and  of  poor 
cultural  growth.  The  virus  (B  I)  was  isolated  from 
a  bovine.  The  growth  on  broth  was  scanty.  The 
bacilli  show  morphologically  only  a  slight  deviation 
from  the  serum-grown  type. 

Fig.  5.  From  a  culture,  21  days  old,  on  glyceri- 
nated  broth,  of  a  typical  mammalian  virus  of  high 
pathogenicity  to  experimental  animals  and  of  mode- 
rately good  cultural  growth.  The  virus  (B  V)  was 
isolated  from  a  bovine.  The  broth  culture  grew 
rapidly  and  in  fair  abundance.  The  long,  irregular 
forms  are  very  commonly  met  with  in  this  type  of 
broth  culture,  when  obtained  from  baciUi  of  high 
experimental  virulence. 

Fig.  6.  From  a  culture,  22  days  old,  on  glyceri- 
nated  broth,  of  a  typical  mammalian  virus  of  low 
pathogenicity  to  experimental  animals  and  of  vigorous 
cultural  growth.  The  virus  (H  71'.  L.V.)  was 
isolated  from  a  human  being.  The  bacilli,  obtained, 
from  a  copious  growth,  are  for  the  most  part  long  and 
curved,  and  with  a  tendency  to  beading.  They  show 
less  irregularity  than  the  bacilli  from  the  more  viru- 
lent virus  shown  in  Fig.  5. 

Fig.  7.  From  a  culture,  44  days  old,  on  glycerin- 
agar,  of  a  mammalian  virus  (H  60.  W.B. — Bron- 
chial Gland)  which  was  isolated  from  a  human  being. 
The  occurrence  of  branched  forms  of  the  mammalian 
tubercle  bacillus  in  cultures  obtained  from  ordinary 
media,  such  as  glycerinated  agar,  broth,  or  potato,  is, 
in  my  experience,  extremely  rare.  The  figure  also 
shows  other  forms  of  bacilli,  some  very  long,  some 
very  short,  and  many  with  globular  or  oval,  darkly 
stained  bodies  variously  situated.  Bacilli  with  such 
appearances  as  these  are  common  in  agar  cultures. 

Fig.  8.  From  a  culture,  36  days  old,  on  glyceri- 
nated potato,  of  a  mammalian  virus  of  high  experi- 
mental virulence  and  fairly  good  cultural  growth. 
The  virus  (B  IX)  was  isolated  from  a  bovine.  The 
specimen  shows  the  irregularity  of  morphology  com- 


monly exhibited  by  this  type  of  bacillus  when  grown 
on  potato.  Compare  Fig.  5  which  shows  a  broth 
culture  of  a  somewhat  similar  bacillus. 

Fig.  9.  From  a  culture,  2  months  old,  on 
glycerinated  potato,  of  a  mammalian  virus  of  low 
experimental  virulence  and  vigorous  cultural  growth. 
The  virus  (H  47.  S.B.)  was  isolated  from  a  human 
being.  The  specimen  is  characteristic  of  the  varieties 
of  morphology  met  with  in  a  vigorously  growing 
potato  culture. 

Figs.  10  and  11.  From  cultures,  2  months  old, 
on  glycerinated  potato,  of  two  mammalian  viruses, 
P  XII  and  H  49.  T.C.  (Calf  787).  Examples  of 
darkly  stained,  oval  bodies,  showing  the  development 
therefrom  of  new  bacilli. 

li'ig.  12.  From  milk  obtained  from  the  udder  of 
Cow  64,  which  tad  received  an  intramammary  inocula- 
tion with  a  typical  bovine  virus  (B  I).  The  bacilli 
are  of  various  lengths  ;  many  of  them  are  curved 
and  regularly  beaded.  The  bacilli  here  shown  are 
such  as  are  commonly  met  with  in  cow's  milk  ;  it 
would  obviously  be  impossible  for  anyone  to  decide, 
on  morphological  grounds,  that  they  were  of  bovine 
rather  than  of  human  origin. 

Fig.  13.  From  a  smear  made  directly  from  human 
phthisical  sputum.  This  virus  (H  144)  grew  very 
luxuriantly  in  pure  culture.  The  specimen  illustrates 
morphological  varieties  of  bacilli  commonly  met  with 
in  human  sputum.  It  is  to  be  noted  that  the  short 
forms  are  common,  as  well  as  the  longer  forms.  As 
in  the  case  of  Fig.  12,  it  would  be  impossible  for  any- 
one to  decide,  on  morphological  grounds,  as  to  the 
human  or  bovine  origin  of  the  bacilli  shown. 

Fig. 14.  From  a  culture,  16  days  old,  on  inspissated 
glycerinated  horse  serum,  of  a  typical  avian  virus 
(A  VII).  The  bacilli  are  very  small,  many  of  them 
being  no  larger  than  cocci.  The  pointed  extremities 
are  a  rather  conspicuous  feature,  one  extremity  being 
frequently  more  sharply  pointed  than  the  other. 
There  are  notable  diiferences  in  the  intensity  with 
which  the  bacilli  are  stained.  The  bacilli,  unlike  the 
sticky  mammalian  bacilli,  readily  distribute  them- 
selves evenly  over  the  film. 

Fig.  15.  From  a  culture,  14  days  old,  on  inspissated 
glycerinated  bovine  serum,  of  a  typical  avian  virus 
(P  III).  The  specimen  shows  that  young,  glycerinated 
serum  cultures  do  not  invariably  consist  of  short 
forms.  But  the  large  and  irregular  forms  here 
shown  occur  less  frequently  on  serum  than  on  agar 
or  potato. 

Fig.  16.  From  a  culture,  2  months  old,  on  glycerin- 
agar,  of  a  typical  avian  virus  (A  X).  In  addition  to 
short  forms,  long  branching  forms  are  found.  The 
branching  frequently  emanates  from  a  darkly  stained 
spherical  point,  which  in  some  instances  is  of  a 
greater  diameter  than  the  breadth  of  the  bacillus. 
Branching  is  much  commoner  with  the  avian  than 
with  the  mammalian  bacillus. 

Fig.  17.  From  a  culture,  42  days  old,  on  glycerin- 
agar,  of  a  typical  avian  virus  (A  III).  In  addition 
to  short  bacilli  and  coccal  forms,  there  are  bacilli  of 
very  large  size,  with  club-shaped  thickenings. 

Fig.  18.  From  a  culture,  2  months  old,  on 
glycerinated  potato,  of  a  typical  avian  virus 
(P  XXVII).  In  this  culture  the  bacilli  show  a 
tendency  to  regular  beading,  and  are  indistinguishable 
from  mammalian  bacilli.    Compare  Figs.  8  and  9. 

Fig.  19.  From  a  culture,  2  mouths  old,  on 
glycerinated  potato,  of  a  typical  avian  virus  (A  X). 
The  bacilli  show  a  tendency  to  grow  in  long,  parallel 
threads. 
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Steam  Engines  and  Boilers  and  Gas  and  Oil 
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South  America  Pilot,,  Part  II.,  1905,'  Revised 
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REPORT   ON   THE   RESULTS   OF   A  CHEMICAL 

INVESTIGATION. 


The  following  investigation  was  undertaken  at  the  request  of  the  Commission  with 
the  object  of  ascertaining  wliether  it  was. possible  by  chemical  means  to  differentiate 
between  tubercle  bacilli  of  the  bovine  and  human  types.  Preliminary  investigations 
having  shown  that  the  bacillus  produced  very  extensive  changes  in  the  composition 
of  the  medium  upon  which  it  was  grown,  it  was  decided  by  the  Commission  that  a 
systematic  quantitative  comparison  of  the  action  of  the  two  types  of  bacilli  should 
be  made.    {See  Final  Report,  Royal  Commission  on  Tuberculosis,  Page  8.) 

The  actual  experimental  work  was  carried  out  at  the  Lister  Institute  during 
the  years  ]9()8-9,  the  various  cultures  being  supplied  from  the  Commission's 
laboratories  at  Stansted. 

Mr.  S.  G.  Walpole  was  appointed  by  the  Commission  as  assistant,  and  conducted 
much  of  the  experimental  work  under  my  supervision,  and  I  have  to  express  my 
thanks  to  him  for  the  energy  and  zeal  which  he  displayed  throughout  the  course  of 
the  investigation,  alike  in  the  working  out  of  the  methods  to  be  applied  and  in  the 
systematic  examination  of  a  long  series  of  cultures. 

EXPERIMENTAL  METHODS. 


The  Organisms  Employed. 

The  various  strains  and  viruses  of  the  tubercle  bacillus  which  were  used  in  the 
experiments  were  supplied  from  the  Stansted  laboratories  of  the  Commission,  and 
were  as  follows.  The  designation  used  for  the  organism  throughout  this  Appendix 
is  placed  in  the  hrst  column,  and  a  reference  is  given  in  each  case  to  the  complete 
account  of  the  organism  in  the  various  appendices  to  the  report. 

I.  — Bovine  Tubercle  Bacilli  of  Bovine  Origin  : — 

B  I    Virus  B  I  (Cow  44).      Vol.  I.  of  Appendix  to  Second  Interim  Report, 

page  .55. 

B  II    ...       ...       Virus  B  II  (Heifer  66).     Vol.  I.  of  Appendix  to  Second  Interim 

Report,  page  111. 

B  IV  ...       ...       Virus  B  IV  (Original  material).     Vol.  I.  of  Appendix  to  Second 

Interim  Report,  page  161. 
B  IX  ...       ...       Virus  B  IX  (Original  material).     Vol.  I.  of  Appendix  to  Second 

Interim  Report,  page  245. 
B  X   >       Virus  B  X  (Original   material   through  G.P.  1070).     Vol.  I.  of 

Appendix  to  Second  Interim  Report,  page  259. 

II.  — Bovine  Tubercle  Bacilli  of  Porcine  Origin:  — 

P  XIV  "  O.M."  Virus  P  XIV  (Original  material  through  G.P.  162!^).  (Not  fully 
virulent.)    Vol.  III.  of  Appendix  to  Final  Report,  pages  156,  240. 

P  XIV   Virus  P  XIV  (Calf  448).     (Fully  virulent.)     Vol.  III.  of  Appendix 

to  Final  Report,  pages  156,  240. 

III.  — Avian  Tubercle  Bacillus  of  Porcine  Origin  : — 

P  II    Virus  P  II  (Original  material).     Vol.  III.  of  Appendix,  page  154  ; 

Vol.  IV.  of  Appendix,  page  ;543. 

IV.  — Bovine  Tubercle  Bacilli  of  Human  Origin  :— 

H  2    Virus  H  2.  "  Sp.  A."     (Calf  93.)     Vol.  II.  of  Appendix  to  Second 

Interim  Report,  page  47, 

H  19    Virus  H  19  "  S.W."     (Goat  11.)    Vol.  II.  of  Appendix  to  Second 

Interim  Report,  page  4()9. 

Hoi    Virus  H  31.  "  L.F."     (Human  cervical  glands  direct.)    Vol.  II.  of 

Appendix  to  Second  Interim  Report,  page  682. 

H  90   Virus  H  90.  "I. P."     (Human  retroperitoneal  gland  direct.)  Vol.1. 

of  Appendix,  page  134  ;  Vol.  III.  of  Appendix,  page  18. 
Note. — The  strain  of  culture  obtained  from  the  retroperitoneal  gland 
used  in  these  experiments  grew  luxuriantly  on  artificial  media,'like 
a  human  tubercle  bacillus,  but  its  virulence  for  bovines  and  rabbits 
was  nearly  equal  to  that  of  a  bovine  tubercle  bacillus.  This  strain 
was  Bubsequntly  demonstrated  to  be  a  mixture  of  human  and 
bovine  tubercle  bacilli.  {See  Vol.  III.  of  the  Appendix  to  the 
Final  Report,  page  18.) 


s 


V.  —  Human  Tubercle  Bacilli  : — 

H  12   Virus  H  12.  "  H.N."     (Calf  123.)     Vol.  II.  of  Appemlix  to  Second 

Interim  Re]jort,  pas'e  2.o9. 

H  27    Virus  H  27.  "  R.D."     (Human  cervical  glands  tlirough  G.P.  1216.) 

Vol.  II.  of  Appendix  to  Second  Interim  Repoi-t,  page  607. 

H  49    Virus  H  49.  "  T.O."    (Human  mesenteric  glands  direct.)    Vol.  III.  of 

Appendix,  pages  12,  317. 
Note. — The  strains  of  culture  obtained  from  this  virus  gi"ew 
luxuriantly  on  artificial  media,  like  a  human  tubercle  bacillus,  but 
their  virulence  for  bovine  animals  was  nearly  equal  to  that  of  a  bovine 
tubercle  bacillus.  After  nine  months  artificial  cultivations  one  of 
the  strains  (that  known  as  the  Blythwood  strain,  subsequently 
used  for  these  experiments)  was  found  to  be  reduced  in  virulence, 
behaving  in  all  respects  like  a  human  tubercle  bacillits.  (Sre 
Vol.  III.  of  Appendix  to  Final  Report,  page  J  2.)  The  other  strain 
remained  virulent,  and  was  shown  to  be  a  mixture  of  htiman  and 
bovine  tubercle  bacilli.  (See  Vol.  HI.  of  Appendix  to  Final  Report, 
page  12.) 

H  74   Viriis  H  74.  "  D.S."     (Human  bronchial  gland  through  G.P.  2001.) 

Vol.  I.  of  Appendix,  page  116. 
H  7.5    Virus  H  75.  "  A.H."     (Human  peritoneal  gland  tlirough  G.P.  201<S.) 

Vol.  I.  of  Appendix,  page  118. 

General  Description  of  the  Course  of  Work. 

Each  strain  of  which  the  action  on  the  medium  was  to  be  examined  Avas 
inoculated  into  a  series  of  three  similar  bottles  of  glycerol  veal  broth  on  the  same 
date.  These  were  incubated  in  the  usual  way  at  87°  for  the  desired  intervals,  alter 
which  they  were  remo^xd  and  submitted  to  investigation.  The  bacilli  were  iiltered 
off,  dried  and  weighed,  and  an  estimate  was  then  made  of  the  total  volimie  of 
medium  ])resent.  Aliquot  portions  of  the  filtrate  were,  then  taken  and  estimations 
made  of  the  following  lactors  : — 

1.  The  total  nitroo-en. 

O 

2.  Nitrogen  non-precipitable  l)y  tanjiic  acid. 

3.  Nitrogen  non-precipitable  by  phos})hotungstic  acid. 

4.  Free  and  saline  annnonia. 

.1).  Ammonia  liberated  by  hydrolysis  with  hydrochloric  acid. 

6.  Acidity  of  the  medium  to  phenolphthalein  in  the  cold  and  at  the  boiling 

point. 

7.  The  acids  soluble  in  ether. 

8.  The  amoimt  of  glycerol  present. 

9.  The  amoimt  of  phosphoric  acid. 

The  comparison  of  the  results  obtained  in  the  analyses  of  the  original  medium 
and  of  the  medium  after  the  growth  upon  it  of  the  strain  under  investigation  for 
different  intervals  of  time  yielded  the  desired  information  as  to  the  nature  of  the 
changes  produced  in  the  medium  and  their  dependence  on  the  time  of  growth. 


PREl'ARATIt)N   OF  THE  MeDIUM. 

The  glycerol  veal  broth  employed  for  these  experiments  was  prepared  in  tlie 
following  manner.  Lean  veal,  from  which  the  fat  liad  been  removed,  was  minced 
and  allowed  to  soak  for  four  hours  in  saline  ta])-water,  one  litre  of  water  and  five 
grams  of  salt  being  taken  for  every  .500  grams  of  meat.  The  whole  was  then  heated 
to  boiling,  allowed  to  simmer  for  one  hour  and  left  over  night.  Next  day  it  was 
again  heated,  the  solid  matter  strained  off,  and  after  the  addition  of  10  grams  per 
litre  of  Witte  peptone  and  the  requisite  quantity  of  glycerol  (usually  2*5  °/^)  it  was 
steamed  for  one  hour.  A  sample  was  then  taken  and  titrated  by  the  method 
subsequently  to  be  described  (p.  7)  and  the  calculated  quantity  of  caustic  soda 
added  to  bring  the  reaction  of  the  finished  broth  to  about  +  15,  so  that  one  litre  of 
finished  medium  required  15  cc.  of  normal  caustic  soda  solution  to  make  it  neutral  to 
phenolphthalein  under  the  conditions  of  the  titration  test.  The  medium  was  then 
thoroughly  well  steamed  for  an  hour,  filtered  through  paper  until  (juite  bright  and 
bottled. 

Type  ano  Arrangement  of  the  Bottles  J^Imployed. 

The  cultivation  of  the  bacilli  was  conductetl  in  ui-een  yiass  Winchester  pint 
bottles  of  capacity  about  one  litre.     In  order  to  diminish  the  loss  of  medium  by 
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evaporation,  the  neck  of  each  bottle  was  closed  oy  a  ruober  stopper,  carrying  a  small 
glass  tube  which  was  loosely  plugged  with  cotton  wool.  Exactly  400  cc.  of  the 
medium  were  measured  into  each  bottle,  previously  thoroughly  cleaned  and  dried, 
the  stoppers  were  then  inserted  and  the  bottles  heated  for  one  hour  in  a  steam 
steriliser  on  three  consecutive  days. 

As  a  matter  of  practical  necessity  the  medium  was  made  uj)  in  a  number  of 
ditFerent  batches,  the  amount  prepared  at  one  time  varying  from  four  to  16  litres.  , 
♦  One  or  sometimes  two  bottles  of  each  batch  were  analysed  by.  the  routine  methods  to  , 

determine  the  nature  of  the  unattacked  medium,  such  estimations  being  referred  to 
as  blank  analyses. 

It  was  observed  that  the  broths  prepared  in  this  way  on  different  occasions 
varied  considerably  in  their  nitrogen  content.  For  the  later  batches  therefore  an 
empirical  standard  of  nitrogen  content  was  adopted  according  to  which  the  finished 
medium  should  contain  the  nitrogen  equivalent  of  1000  cc.  of  decinormal  ammonia 
per  litre.  This  was  attained  by  analysing  the  crude  broth,  and  diluting  to  the 
requisite  extent  with  0'5  °/o  salt  solution,  and  finally  bringing  to  the  standard 
acidity  (  +  15). 

The  following  table  shows  the  analytical  results  obtained  for  the  various  batches  of 
medium  employed.  In  most  cases  the  blank  analysis  was  carried  out  on  a  bottle 
which  had  been  incubated  alongside  one  of  the  inoculated  bottles  and  this  accounts 
ibr  the  fact  that  the  volume  of  liquid  is  as  a  rule  less  than  the  400  cc.  which  were 
invariably  placed  in  each  bottle.  The  numbers  refer  to  the  total  amounts  contained 
in  this  400  cc,  except  those  under  the  headings  "  acidity  hot  and  cold,"  which  give 
the  titrations  for  25  cc. 


Number  of  Medium. 

5. 

6. 

8. 

8. 

I 

9. 

9. 

11. 

12. 

14. 

15. 

Vol.  of  liquid  ;  cc. 

392 

390-9 

406-9 

400 

378-4 

394 

399-4 

392-8 

392-7 

393^4 

Specific  gravity 

1-018 

1-021 

1-034 

1-029 

1-020 

1-022 

1-030 

1-023 

1-019 

1^019 

Acidity,  hot  ;  cc.  N.  acid 

6-2 

10-4 

17-6 

17-6 

18-4 

18-4 

17-2 

20 

24-4 

19-8 

Acidity,  cold  ... 

3-4 

8-4 

13-6 

12-8 

14 

12-4 

14 

15-6 

16 

15-8 

Total  acidity,  liot  ... 

24-4 

40-7 

70-8 

70-4 

69-6 

72-4 

68-7 

78-6 

97-6 

79^2 

Total  Nitrogen;  cc.  N/10 

648 

1,086 

1,518 

1,501 

1150 

1185 

1309 

1263 

1013 

963-8 

N.  non-precipitable  by 
tannic  acid  ;  cc.  N/lO. 

329 

518 

542 

.537 

400 

452-6 

404-7 

467-2 

N.  non-precipitable  by 
phosphotungstic  acid; 
cc.  N/10. 

136 

147 

166 

159 

160-6 

130-6 

155-1 

113-5 

119-2 

Ammonia  liberated  by 
acid  hydrolysis  ;  cc. 
N/10. 

24-4 

29 

50-4 

56 

20-8 

27-3 

42-8 

36-1 

29-1 

Free   and   saline  am- 
monia ;  cc.  N/10. 

34-1 

40 

46-7 

45-2 

33-3 

46-7 

40-7 

37-7 

31-4 

29-9 

Acids  soluble  in  ether  ; 
cc.  N/10. 

95-1 

114 

110-1 

Glycerol  ;  grams. 

7-59 

7-16 

7-50 

7-60 

8-27 

20-36 

12-38 

7-98 

7-38 

Phosphate  ;  grams.  P^Or, 

-1246 

•4793 

•4142 

■2890 

•4554 

Estimation  oe  the  Weight  of  Bacilli  Peoduced  and  of  the  Volume  of 

THE  Medium  after  Incubation. 

After  growth  had  continued  for  the  requisite  time  the  bottle  was  removed  from 
the  hot-room,  allowed  to  cool  and  then  weighed  with  the  stopper  and  contents 
intact.  The  same  operation,  performed  after  the  contents  had  been  removed  and 
the  bottle  cleaned  and  dried,  gave  the  total  weight  of  the  contents  (bacilli  and  fluid) 
present  in  the  bottle  after  incubation  (W).  This  was  less  than  that  of  the  contents 
present  at  the  commencement  of  incubation,  as  a  small  but  not  inconsiderable 
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eviiporation  always  took  place.  The  removal  oi'  tlie  contents  was  performed  before 
sterilisation  by  ponring  the  whole  on  to  a  tared  filter  cloth  supported  in  a  funnel. 
This  cloth  had  previously  been  washed,  dried  in  the  iiir,  and  then  in  vacuo  over 
sulphuric  acid,  and  final]}'  weighed.  The  clear  filtrate  was  collected  in  a  dry  flask, 
and  when  the  fiow  from  tJie  still  moist  bacilli  had  nearly  ceased,  the  flask  was 
removed  and  its  contents  reserved  for  analysis.  Any  small  remainder  of  the  pellicle 
was  then  washed  from  the  bottle  on  to  the  cloth  with  distilled  water  and  the  washing 
was  repeated  four  times,  The  funnel  with  cloth  and  bacilli  in  situ  was  then  placed 
in  the  steam  steriliser  and  steamed  for  one  hour.  After  being  steamed  the  cloth 
with  its  bacilli  was  spread  out  to  dry  at  the  room  temperature  for  a  day,  then  dried 
in  vacuo  over  sulphuric  acid  for  three  days,  and  finally  weighed  between  two  watch 
a'lasses. 

As  it  was  impracticaljle  to  se[>arate  the  filtrate  from  the  bacilli  quantitatively 
without  dilution,  an  attempt  had  to  be  made  to  arrive  at  the  total  volume  of  the 
filtrate  in  another  'v^  ay.  The  weight  of  the  bacilli  as  they  exist  in  the  medium  w^as 
assumed  to  be  three  times  that  of  the  dry  bacilli  subsequently  weighed  after 
drying  (B).  This  is  an  approximation  based  on  general  physiological  experience 
and  any  error  introduced  into  the  final  results  of  the  analysis  by  the  possible 
inaccuracy  of  this  assumption  is  negligible,  the  total  allowance  to  be  made  never 
exceeding  about  4  cc. 

The  density  of"  the  filtrate  (D)  was  then  determined  by  means  of  a  hydrometer. 
The  volume  of  the  medium  (V)  can  then  be  calculated  from  the  consideration  that 
this  equals  the  total  weight  of  the  contents  of  the  bottle  (W),  less  three  times  the 
weight  of  the  dry  bacilli  and  that  the  volume  of  this  is  given  by  divitiing  its  weight 
by  its  density.  Hence 

\  =  (W-3J3)/D. 
Example.    Analysis  104. 

Weiii'ht  of  bottle  on  removal    ...  ■    1197*3  a'- 


Weight  of  empty  bottle 
Weight  of  total  contents  ( W) 
Weight  of  dry  bacilli  (]'.) 

Density  (D)  ... 

Hence 


798-5 
3  98 -8 


1-4 


1-017 


398-8  -  3  X  1-4 
V  =  =  388  cc. 

Measured  volumes  of  the  filtrate  were  then  taken  for  analysis  ;  the  volume, 
V,  being  known,  these  become  aliquot  parts,  and  the  results  obtained  can  readily  be 
stated  in  terms  of  the  total  liquid  medium. 

Estimation  of  Total  Nitrogen. 

For  this  purpose  25  cc.  of  the  filtrate  were  subjected  to  the  Kjeldhal  process, 
and  the  result  expressed  in  cc.  of  decinormtil  ammonia,  all  the  usual  corrections  and 
precautions  required  to  ensure  accuracy  being  applied.  The  total  nitrogen  in  the 
filtrate  is  XV/25  (where  X  =  cc.  of  decinormal  ammonia  resulting  from  25  cc.  of 
the  liquid). 

Estimation  of  Nitrogen  non-precipitable  by  Tannic  Acid. 

25  cc.  of  the  medium  ^\  ere  taken  and  added  to  an  equal  volume  of  tannic  acid 
solution.  The  mixture  was  well  shaken  and  allowed  to  stand  for  24  hours  in  a 
corked  Hask.  It  was  theji  filtered,  40  cc.  of  the  filtrate  taken,  and  the  nitrogen 
estimated  by  Kjeldahl's  process.  A  small  correction  is  necessary  for  nitrogen  present 
in  the  tannic  acid. 

The  result  is  multiplied  by  5/  i,  which  gives  the  non-precipitable  nitrogen  in 
the  25  cc.  taken,  and  from  this  is  calculated  the  total  in  the  whole  volume  of 
filtrate  (V). 

The  tannic  acid  solution  employed  for  precipitation  had  the  composition — 

Tannic  acid,  B.P.  ...  ...  ...  7  g. 

Glacial  acetic  acid  ...  ...  ...  5  g. 

Sodium  chloride  ...  ...  ...  6  g. 

Distilled  Avater,  to  ...  ,..  ...  100  cc. 
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It  is  generally  recognised  that  the  amount  of  material  precipitated  by  tannic  acid 
from  a  mixture  of  digestion  products  of  the  proteins  varies  both  with  the  concentra- 
tion of  the  mixture  and  with  the  relative  concentration  of  tannic  acid  and  precipitable 
material.  The  results  obtained  by  the  use  of  tannic  acid  are  therefore  not  absolute, 
but  only  comparative. 

Since  the  action  of  the  tubercle  bacillus  on  the  proteins  of  peptone  beef  broth 
produces  a  considerable  amount  of  digestion,  preliminary  experiments  were  made  to 
ascertain  the  . effect  of  a  variation  in  the  amount  of  precipitable  matter  present.  This 
was  done  by  adding  the  same  volume  of  tannic  acid  solution  to  varying  quantities  of 
the  broth,  all  made  up  to  the  same  volume,  estimating  the  nitrogen  in  the  filtrates  as 
described  above,  and  then  calculating  up  in  each  case  to  25  cc.  Quantities  of  10,  20, 
and  25  cc.  of  a  broth  containing  62  cc.  of  nitrogen  (expressed  as  cc.  of  N/10 
ammonia)  per  25  cc,  were  made  up  in  each  case  to  25  cc.  with  water  and  treated 
exactly  as  described  above.    The  following  were  the  results  : — 

Calculated  for 
Kjeldahl.    25  cc.  of  broth. 

1.  L  10  cc.  broth  +  25  cc.  tannic  acid  ...        ...      9'8  30"6 

2.  20  cc.     „     +  25  cc.      „       „   21-9  34-2 

3.  25  cc.     „     +  25  cc.      „       „   27-9  34-9 

It  follows  from  this  that  the  greater  the  excess  of  tannic  acid  the  greater  is  the 
proportion  of  the  nitrogen  precipitated  from  beef  broth  peptone. 

In  all  the  experiments  with  tubercle  bacilli  the  amount  of  non-precipitable 
nitrogen  was  found  to  increase  during  incubation  so  that  the  proportion  precipitated 
after  incubation  would  probably  be  greater  than  before  incubation  when  the  same  volume 
of  tannic  acid  was  added.  This  would  tend  to  diminish  the  non-precipitable  fraction 
unduly,  and  the  numbers  obtained  by  this  process  are  therefore  probably  affected  in 
such  a  way  that  the  amount  of  digestion  appears  to  be  less  than  it  actually  is. 

Nitrogen  non-precipitable  by  Phosphotungstic  Acid. 

25  cc.  of  the  medium  were  placed  in  a  graduated  75  cc.  flask,  along  with  20  cc. 
of  20  per  cent,  sulphuric  acid,  and  5  cc.  of  phosphotungstic  acid  solution  and  the 
whole  diluted  to  75  cc,  well  shaken  and  allowed  to  stand  for  24  hours.  The  liquid 
Avas  then  filtered  through  a  dry  paper,  and  50  cc.  taken  and  subjected  to  the 
Kjeldahl  process.    A  correction  of  O'l  cc.  was  ref[uired  for  the  materials  used. 

The  phosphotungstic  acid  solution  employed  contained  IGU  g.  of  Kahlbaum's 
phosphotungstic  acid  in  250  cc  of  solution.  Experiments  to  ascertain  the 
effect  of  variation  in  the  excess  of  phosphotungstic  acid  were  made  in  the  same 
manner  as  described  under  tannic  acid.  The  results  showed  that  the  relations  in 
tills  case  were  tiie  inverse  of  those  which  exist  in  the  case  of  tannic  acid.  The 
greater  the  excess  of  phosphotungstic  acid,  the  less  is  the  amount  of  nitrogen 
precipitated  and  the  greater  the  apparent  degree  of  digestion.  This  is  probably 
due  to  the  solubility  of  the  phosphotungstic  acid  precipitate. 

The  following  are  the  actual  numbers  obtained,  the  total  volume  being  in  each 
case  75  cc. 

Calculated  for 


Kjeldahl.  25  cc.  broth. 
J.  10  cc.  peptone  broth  +  5  cc  phosphotungstic  acid     2'07  5*18 

2.  20  cc  „      +  5  cc  „  „       3-42  4*28 

3.  2o  cc       „       „      +  5  cc  „  „       3-97  3*97 


The  process  of  heating  the  phosphotungstic  acid  filtrate  with  sulphuric  acid 
requires  to  be  very  carefully  watched,  as  the  liquid  has  a  strong  tendency  to  froth 
in  the  early  stages  and  to  "  bump  "  in  the  later  ones.  It  is  best  carried  out  by 
gently  agitating  the  flask  mechanically  throughout  the  latter  part  of  the  operation. 

Estimation  of  Ammonia  liberated  by  Hydrolysis  with  Hydrochloric  Acid. 

In  order  to  ascertain  whether  the  amount  of  nitrogen  present  in  such  a  form  as- 
to  be  liberated  as  ammonia  by  boiling  normal  hydrochloric  acid  might  serve  as  a 
differential  characteristic  of  various  strains  of  tubercle  bacilli  the  following  method 
was  adopted. 

To  25  cc.  of  the  medium  were  added  10  cc.  of  concentrated  hydrochloric 
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acid  and  the  mixture  was  heated  in  a  boiling  water  bath  for  2  hours.  The  free  and 
sahne  ammonia  was  then  ascertained  by  distillation  with  magnesia  (5  grams. )  in  the 
manner  described  below.  The  difference  between  the  amounts  of  free  ammonia 
before  and  after  boiling  with  normal  hydrochloric  acid  represents  the  amount 
liberated. 

The  chief  soui-ces  of  nitrogen  liberated  as  ammonia  in  this  way  are  the  acid 
amides  of  the  broth,  which  contains  the  group  "CONHo.  The  method  is  in  general 
use  for  the  determination  of  nitrosfen  present  in  this  form  and  was  tested  by 
estimations  with  asparagine,  CO(OH)-CH2-CH(NH2)-CO-NH2,  which  contains  half 
of  its  nitrogen  in  the  amide  form.  It  was  found,  in  agreement  with  the  generally 
received  idea,  that  about  98  per  cent,  of  the  amide  nitrogen  was  split  off  as  ammonia 
by  boiling  with  normal  hydrochloric  acid  for  two  hours.  Thus  a  solution  of 
asparagine  whicli  yielded  32"15  cc.  of  decinormal  ammonia  by  Kjeldahl's  process  gave 
15'7  cc.  of  free  ammonia  after  boiling  with  hydrochloric  acid,  i.e.  1.5"7/16"07  or  97 
per  cent,  of  the  theoretically  possible  amount. 

Estimation  of  Free  and  Saline  Ammonia. 

The  method  adopted  was  that  which  consists  in  distilling  the  mixture 
containing  proteins,  amidts,  &c.,  with  magnesia  at  87°,  receiving  the  ammonia 
evolved  in  standard  acid  and  titrating  in  the  usual  way. 

A  large  distillation  flask  with  a  rubber  stopper  carrying  a  tap  is  immersed  in  a 
water  bath  at  37°  and  is  connected  by  rubber  with  a  receiver,  wliich  consists  of  a 
filter  flask  carrying  a  pipette  and  containing  the  measured  quantity  of  standard 
N/10  acid.  The  sample  in  whicli  the  free  and  saline  ammonia  is  to  l^e  determined 
is  introduced  into  the  flask  together  with  three  grams  (an  excess)  of  magnesia 
(MgO)  and  the  receiver  connected  to  a  good  water  pump.  The  pressure  is  lowered 
to  about  15  mm.  of  mercury  and  the  receiver  is  well  C(X)led  by  a  stream  of  tap- water. 
The  distillation  is  then  continued  until  the  contents  of  the  flask  are  brought  to 
dryness,  the  time  required  being  about  one  liour.  The  acid  from  the  receiver  is 
then  titrated  and  the  ammonia  thus  found  by  difference. 

Tlie  accuracy  of  the  method  as  carried  out  in  this  apparatus  is  shown  by  the 
following  figures.  A  solution  of  1*069  g.  of  ammonium  chloride  in  200  cc.  of 
solution  was  employed. 

25  cc.  of  this  distilled  with  caustic  soda  gave  25*3  cc.  N/10  ammonia. 
25  cc.  distilled  with  magnesia  gave  25*25  cc.  25  cc.  +  25  cc.  of  2  per  cent, 
asparagine  solution-magnesia  gave  25"25  cc. 

Estimation  of  Acidity  and  Density, 

Two  portions  of  25  cc.  were  pijjetted  into  a  50  cc.  Nessler  glass  and  the  density 
taken  by  means  of  a  hydrometer.  Then  by  means  of  the  wetted  pipette,  25  cc.  were 
removed  and  put  back  into  the  bottle.  The  remaining  25  cc.  were  poured  into  a 
400  cc.  conical  flask.  The  hydrometer  bulb  was  th^n  washed,  and  the  washings 
collected  in  the  Nessler  glass  and  made  up  to  the  50  cc.  mark.  This  quantity  of 
50  cc.  was  then  added  to  the  liquid  in  the  conical  flask,  so  that  the  latter  contained 
25  cc.  of  the  medium  diluted  to  75  cc.  2  cc.  of  1  pev  cent,  phenolphthalein  solution 
were  then  added  and  the  titration  performed  :  — 

1.  In  the  cold.  The  vessel  was  immersed  in  the  boihng  water  bath  for  ^  hour, 
and  then  cooled,  and  the  titration  carried  out  until  a  definite  pink  colour  was 
produced. 

2.  In  the  hot.  The  vessel  was  again  immersed  in  boiling  water,  titrated  until 
tlie  end  point  was  attained,  then  reheated  and  again  titrated  until  the  end  reaction 
remained  permanent.  In  the  later  experiments  the  heating  was  effected  by  placing 
the  flasks  on  an  electric  heater  until  the  temperatui'e  of  the  liquid  was  exactly  90°, 
and  titrating  at  this  temperature. 

The  algebraic  sum  of  the  two  acidities  is  the  total  acidity  at  90°. 

Estimation  of  Acids  Soluble  in  Ether. 

The  method  employed  for  the  estimation  of  the  acids  solulile  in  ether  consisted 
in  acidifying  the  broth  with  dilute  sulphuric  acid  and  extracting  with  ether  in  a  con- 
tinuous extraction  apparatus.     The  ethereal  extract  was  then  evaporated,  and  the 
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residue  boiled  with  barium  carbonate  and  water,  and  filtered.  The  amount  of  barium 
in  the  filtrate  was  then  estimated  by  precipitation  as  sulphate,  and  from  this  the 
equivalent  in  cc.  o£  N/10  acid  was  calculated. 

Several  difficulties  arose  in  the  course  of  this  estimation.  In  practice  it  was 
found  that  strictly  accurate  results  could  not  be  attained,  as  small  amounts  of  acid 
continued  to  be  extracted  for  a  very  long  period.  The  presence  of  sodium  chloride 
in  the  culture  medium  rendered  it  necessary  to  adopt  some  means  of  preventing 
hydrochloric  acid  being  extracted  along  with  the  organic  acids,  and  this  was 
accomplished  by  adding  a  slight  excess  of  silver  sulphate  to  the  medium  before 
extraction.  As  finally  adopted,  the  method  only  yielded  comparative  results,  but  as 
the  object  in  view  was  to  determine  differences,  it  is  probable  that  these  were  not 
affected  by  any  serious  error.  25  cc.  of  brotli  were  placed  in  the  extraction  tube,  and 
0*25  g,  of  solid  silver  sulphate  and  7'5  cc.  of  normal  sulphuric  acid  added.  The 
liquid  was  tested  with  congo-red  paper  to  ascertain  whether  excess  of  mineral  acid 
was  present,  and  this  was  invariably  found  to  be  the  case.  The  mixture  was  then 
shaken  until  the  silver  sulphate  had  reacted  with  the  chloride,  and  was  then  extracted 
for  24  hours  in  a  continuous  extraction  apparatus.  A  certain  amount  of  frothing 
usually  occurred,  and  it  was  necessary  in  those  cases  to  evaporate  the  ether  extract 
and  again  submit  the  residue  dissolved  in  water  to  a  second  more  rapid  extraction 
for  12  hours. 

The  final  extract  was  then  evaporated  on  the  water  batli,  50  cc.  of  water  added, 
and  the  Avhole  heated  with  1  g.  of  bariuju  carbonate  on  the  water  bath  for  two  hours. 
The  liquid  was  then  allowed  to  cool,  filtered,  and  vfashed  with  cold  water  to  about 
70  cc.  The  filtrate  was  then  heated  to  boiling,  1  cc.  of  dilute  nitric  acid  added,  and 
then  5  cc.  of  boiling  dilute  sulphuric  acid.  After  digestion  for  an  hour  on  the 
water  both,  the  barium  sulphate  was  filtered  off,  washed,  and  weighed.  From  the 
weight  thus  found  0*0028  g.  was  subtracted  to  allow  for  the  solubility  of  barium 
carbonate,  this  number  having  been  obtained  by  a  direct  experiment. 

Estimation  of  Glycerol. 

The  glycerol  was  invariably  estimated  by  Zeisel  and  Fanto's  method.  This 
consists  in  heating  the  liquid  with  concentrated  hydriodic  acid,  which  converts  the 
glycerol  into  isopropyl  iodide.  The  latter  is  then  passed  into  an  alcoholic  silver 
nitrate  solution,  where  it  is  decomposed,  forming  silver  iodide,  the  amount  of  which 
is  estimated  either  gravimetrically  or  by  titration. 

The  exact  process  employed  was  the  following  : — 5  cc.  of  the  broth,  15  cc.  of 
Zeisel  and  Faiito's  hydriodic  acid  (sp.  gr.  1"9),  and  a  small  fragment  of  biscuit 
porcelain  to  prevent  bumping,  were  placed  in  a  small  flask  and  heated  at  137°  in  a 
glycerol  bath,  a  stream  of  carbon  dioxide,  from  a  bottle  of  the  compressed  gas,  being 
passed  slowly  through  the  apparatus.  The  flask  was  connected  by  ground  glass 
joints  with  a  wash  bottle  containing  water  and  some  red  phosphorus  to  arrest  iodine 
and  this  again  with  the  absorption  flask  containing  30  cc.  of  standard  alcoholic  silver 
nitrate  solution,  approximately  N/10.  At  the  close  of  the  operation,  when  no  more 
precipitate  formed  in  the  absorption  flask,  the  latter  was  disconnected  and  its  contents 
made  to  200  cc.  with  water.  A  portion  of  this  was  filtered  through  a  dry  paper  and 
50  cc.  of  the  clear  filtrate  were  titrated  with  standard  potassium  thiocyanate  solution, 
a  nitric  acid  solution  of  iron  alum  being  used  as  indicator.  The  solutions  were 
standardised  by  titration  against  N/10  sodium  chloride  solution  prepared  fi'om  pure 
dry  sodium  chloride.  Owing  to  the  fact  that  so  small  a  volume  of  the  medium  has 
to  be  employed  the  accuracy  of  the  method  is  not  very  great  ;  the  error  probably 
amounts  to  about  2-3  per  cent,  of  the  total  amount  of  glycerol  present. 

Estimation  of  Phosphoric  Acid. 

25  cc.  of  the  medium  were  heated  in  a  Kjeldahl  flask  with  10  cc.  of  concentrated 
sulphuric  acid  and  20  cc.  of  concentrated  nitric  acid  until  all  organic  matter  had  been 
destroyed,  a  second  addition  of  nitric  acid  being  made  if  necessary  (Neumann's 
method).  After  cooling  the  liquid  was  made  to  100  cc.  filtered  and  90  cc.  of  thp 
filtrate  taken.  This  was  made  strongly  alkaline  with  ammonia  and  cooled  ;  15  cc.  of 
magnesium  citrate  mixture  were  then  added,  the  whole  allowed  to  stand  for  24  hours 
and  the  precipitated  magnesium  ammonium  phosphate  filtered  off'  and  weighed  in  the 
usual  manner.  The  results  are  expressed  as  grams  of  phosphoric  oxide  (P2O5)  per 
400  cc,  of  medium. 
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Estimation  of  the  Change  op  Acidity  Produced  by  the  Action  op  Pepsin 

AND  PaNCREATIN  ON  GLYCEROL   BeEP  P)R0TH. 

[n  these  experiments  culture  medium  14  was  used.  SolHtioiig  containing  tlie 
requisite  enzyme  preparations  were  made  up  and  added  to  the  medium,  a  duplicate 
experiment  being  made  in  each  case  with  a  solution  containing  the  enzyme  rendered 
inactive  by  heat.  The  acidity  was  determined  in  each  solution  before  and  after 
incubation  at  ^7°  in  presence  of  toluene.  As  the  pepsin  digestion  was  carried  out  in 
acid  solution  and  the  pancreatin  experiment  in  presence  of  sodium  carbonate,  it  was 
necessary  to  add  an  exactly  equivalent  amount  of  alkali  or  acid  in  each  case  before 
titrating.  The  method  of  titration  adopted  was  as  follows  : — 25  cc.  of  the  solution 
to  be  titrated  were  mixed  with  75  cc.  of  water  and  2  cc.  of  a  1  per  cent,  solution  of 
phenolphthalein  in  50  per  cent,  alcohol,  and  maintained  at  90°  in  an  Erlenmeyer 
flask  for  10  minutes,  a  stream  of  air  being  passed  through  to  remove  carbon  dioxide. 
The  flask  was  then  cooled  to  room  temperature  and  titrated  until  a  deiinite  pink  tint 
was  attained  l)y  the  addition  of  N/IO  potash.  This  gave  the  "  cold  titration  "  of  the 
liquid.  The  flask  was  then  again  heated  to  90°  and  the  titration  continued  at  this 
temperature  until  the  end  reaction  had  again  been  reached.  The  sum  of  the  two 
titrations  was  taken  as  the  "hot  titration"  and  represented  the  acidity  of  the 
mixture. 

1.  Pepsin.  The  preparation  used  was  the  (ilycerole  of  pepsin,  concentrated,  of 
l-'arke,  Davis  &  (Jo.    The  solution  exposed  to  digestion  consisted  of 

'    475  cc.  broth  medium  14. 

15  cc.  pepsin  solution  (heated  or  unheated). 
10  cc.  of  10  per  cent,  hydrochloric  acid. 

The  titration  of  the  hydrochloric  acid  solution  was  8'5  cc.  N/10  potash,  and  hence 
this  volume  of  potash  was  added  to  neutralise  the  hydrochloric  acid  to  all  the  samples 
of  peptic  digestion,  and  the  titration  then  conducted  as  descrilied. 

2.  Pancreatin.  Parke  Davis'  pre])aration  was  employed.  The  solution  in  this 
case  consisted  of — 

2*5  grams  of  sodium  carbonate, 
475  cc.  broth  medium  14. 

1  gram  pancreatin  (heated  with  water  or  unheated). 
Water  to  500  cc. 

A  duplicate  sodium  carbonate  solution  was  made  and  titrated  in  the  standard  manner 
and  required  22  cc.  N/lO  acid  for  25  cc.  This  quantity  of  acid  was  therefore  added 
to  all  samples  of  the  pancreatin  digestion  before  titration,  and  the  process  conducted 
as  usual. 
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PART  I. 


THE  CHANGES  PRODUCED  EN  GLYCEROL   BEEF   BROTH  BY  THE 
CHEMICAL   ACTION   OF    TUBERCLE    BACILLI   OF  DIFFEREJST 
.  ORIGINS. 


I. — Weight  of  Bacilli  obtained. 

The  following  tables  (I-III)  exhibit  the  weights  of  bacilli  obtained  in  50 
experiments,  dealing  with  16  Viruses  and  17  strains.  They  are  arranged  in 
numerical  order  of  the  viruses,  classified  as  Bovine  Tubercle  Bacilli  of  Bovine 
Origin,  Bovine  Tubercle  Bacilli  of  Porcine  Origin,  Avian  Tubercle  Bacilli  of  Porcine 
Origin,  Bovine  Tubercle  Bacilli  of  Human  Origin  and  Human  Tubercle  Bacilli, 
and  the  tables  show  in  each  case  the  Virus  employed,  the  medium  used,  the 
current  number  of  the  experiment,  the  time  of  incubation  in  days,  the  weight  of 
dry  culture  obtained  in  grammes,  and  the  average  increase  of  weight  in  milligrammes 
per  day  of  incubation.  Table  I  contains  the  results  obtained  with  2  per  cent, 
glycerol  broth,  Table  II  those  obtained  with  5  per  cent,  glycerol  broth,  and  Table 
III  the  results  of  three  experiments  in  which  air  was  repeatedly  passed  over  the 
culture  during  incubation. 

Table  I. 


Weight  of  bacilli  obtained  on  2  per  cent,  glycerol  broth. 


Time 

Weight 

Average  Increase 

Virus. 

Medium. 

Number. 

of 

of 

per  day 

Incubation. 

Culture. 

in  Milligrammes. 

Bovine  Tubercle  Bacilli  op  Bovine 

Origin. 

B  I  

5 

12 

88 

0-45 

11-8 

14 

99 

1-05 

10-6 

B  II  

8 

74 

142 

0-839 

5-91 

B  IV   

5 

9 

34 

0-845 

24-9 

10 

99 

0-69 

6-97 

11 

149 

t>-59 

3-96 

B  IX   

14 

95 

54 

0-73 

13-5 

96 

80 

0-61 

7-62 

B  X  

14 

92 

96 

1-29 

14-3 

93 

134 

1-25 

9-33 

90  . 

210 

2-09 

9-99 

Bovine  Tubercle  Bacilli  op  Porcine  Origin. 

P  XIV.   "O.M."  ... 

14 

104 

78 

1-43 

18-3 

105 

124 

1-47 

11-9 

106 

155 

1-56 

10-1 

P  XIV   

14 

107 

79 

1-30 

16-4 

108 

124 

1-20 

9-68 

109 

155 

1-216 

7-87 

Avian  Tubercle  Bacilli  op  Porcine  Origin. 

P  II  

14 

101 

99 

0-70  ■ 

7-0 

98 

134 

1-40 

10-5 

100 

222 

0-88 

3-97 
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Bovine  Tubercle  Bacilli  op  Human  Origin. 


Time 

Weight 

Average  Increase 

Virus. 

Medium. 

Number. 

of 

©I 

per  day 

Incubation. 

Culture. 

in  Milligrammes. 

H  2  ..   

12 

87 

114 

1-81 

17  1 

88 

166 

2-18 

13-1 

89 

232 

2-20 

9-48 

 .  

H  19   

12 

85 

93 

1-18 

12-7 

84 

178 

2-07 

11-6 

83 

254 

1  44 

5  b< 

H  31   

8 

60 

116 

1-33 

11-5 

H  90   

15 

119 

27 

0-64 

23-7 

120 

62 

1-04 

16-8  . 

Human  Tubercle  Bacilli. 

H  12   

6 

22 

35 

0-23 

6-57 

20 

129 

1-68 

13-0 

21 

198 

1-59 

8-03 

H  27   

6 

25 

35 

0-42 

12-0 

24 

129 

1-66 

12-9 

H  49   

8 

66 

188 

l-,59 

8-46 

9 

53 

105 

2-20 

21-0 

52 

240 

1-47 

6-13 

H  74 

8 

44 

114 

2-40 

21-1 

43 

200 

1-10 

5-5 

42 

269 

1-57 

5-84 

15 

117 

26 

0-35 

13-5 

116 

111 

1-55 

13-96 

H  75   

9 

57 

105 

1-84 

17-5 

56 

240 

1-29 

5-38 

Table  II. 

Weight  of  bacilli  obtained  on  5  per  cent,  glycerol  broth. 


Virus. 

Medium. 

Number. 

Time  of 
Incubation. 

•Weight 
of 

Culture. 

Average  Increase 

per  day 
in  Milligrammes. 

B  IV  

11 

70 
71 

133 
179 

0-  77 

1-  67 

5-79 
9-33 

H  31  

11 

64 

142 

2-0 

141 

Table  III, 

Weight  of  bacilli  obtained  on  glycerol  broth  in  a  current  of  air. 

Virus. 

Medium. 

Number. 

Time  of 
Incubation. 

Weight 
of 

Culture. 

Average  Increase 

per  day 
in  Milligrammes. 

BX  ... 

14  glycerol  2  °/„ 

126 

130 

0-68 

5-23 

H  31  

11  glycerol  5  7^, 

76 

145 

1-57 

10-8 

H  74  

15  glycerol  2  % 

118 

80 

0-68 

8-5 
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A  coinparison  of  the  total  weights  of  the  bacilli  obtained  by  cultivation  under 
similar  circumstances  would  serve  to  bring  out  any  marked  differences  between  the 
growing  powers  under  those  conditions  of  the  various  viruses  and  strains  employed. 
In  such  a  comparison  the  factor  of  time  is  of  great  importance.  During  the  first 
period  after  growl h  commences  the  rate  of  increase  of  weight  is  comparatively  rapid, 
but  after  a  certain  time  this  rate  decreases  very  greatly  and  finally  becomes  zero. 
It  is  probable  that  autolysis  proceeds  concomitantly  with  growth  throughout  the 
whole  period,  but  when  growth  ceases  the  autolysis  continues  and  the  weight  of 
the  culture  may  diminish. 

In  order  to  eftect  a  strict  comparison  of  this  sort  the  media  should  be  identical 
and  the  times  of  growth  equal.  In  the  experiments  recorded  in  Table  I  it  has  been 
impossible  rigidly  to  fulfil  either  of  these  conditions.  The  media  were,  however,  all 
of  the  same  kind  and  approximately  of  the  same  acidity  and  glycerol  content,  and 
the  experiments  were  all  conducted  in  precisely  the  same  way. 

V  As  regards  the  influence  of  time,  two  data  would  be  valuable  ;  (a)  the  initial 
rate  of  growth,  (b)  the  average  yield  obtainable.  The  determination  of  the  initial 
rate  of  growth  would  require  many  more  observations  than  have  been  made  and  is 
also  rendered  extremely  difficult  by  the  fact  that  after  inoculation  a  considerable 
delay  often  occurs,  followed  by  a  very  rapid  growth. 

In  estimating  the  average  yield  obtainable  it  is  necessary  to  omit,  on  the  one 
hand,  all  experiments  in  which  active  growth  was  still  taking  place  and,  on  the 
other  hand,  those  in  which  active  growth  had  long  ceased  and  the  weight  of  the 
culture  was  being  steadily  diminished  by  autolysis.  It  is  impossible  to  fix  these 
limits  accurately  and  therefore  an  arbitrary  limit  has  been  assumed,  only  those 
weights  being  considered  which  were  obtained  by  cultivation  for  42  to  200  days. 

In  Table  IV  the  viruses  employed  are  arranged  in  the  order  of  the  average 
weights  obtained  within  these  limits,  and  they  are  divided  into  five  arbitrary  grades 
the  limits  of  which  were  fixed  by  dividing  the  difference  between  the  lowest  and  the 
highest  yields  into  five  equal  parts. 

For  comparison  a  similar  classification  has  been  made  (in  Table  V)  showing 
the  maximum  yield  obtained  from  each  virus  in  any  experiment  and  the  two  results 
are  contrasted  in  Table  VI,  which  shows  the  grades  assigned  on  both  these  systems 
to  the  viruses  arranged  according  to  origin. 

Table  IV. 


Classification  of  viruses  by  average  weights  obtained  on  2  per  cent,  glycerol 
broth  after  incubation  for  42-200  days. 


Number 

Virus. 

of 

Average. 

Grade. 

Limits  of  Grade. 

Experiments. 

B 

IV 

2 

0 

64 

I 

B 

IX 

2 

0 

67 

I 

0-64— 0-91 

B 

II... 

1' 

0-84 

I 

H 

90 

1 

1-04 

II 

B 

I  ... 

1 

1 

05 

II 

0-91— 1-18 

P 

II 

2 

1 

05 

II 

P 

XIV 

3 

1 

17 

11 

B 

X 

2 

1 

27 

III 

1-18— 1-45 

H 

31 

1 

1 

33 

III 

P 

XIV. 

"O.M."  

3 

1 

49 

IV 

H 

19 

2 

1 

62 

IV 

1-45— 1-72 

H 

12 

2 

1 

64 

IV 

H 

27 

1 

1 

66 

IV 
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Table  IV — continued. 


Vims. 

Number 

Ul 

Experiments. 

A  V&Kfl  [TP 

liimit.^  of  rrrni^p 

H  75   

1 

1-84 

V 

H  49   

2 

1-89 

V 

1-72— 1-99 

H  74   

2 

1-97 

V 

H  2  

2 

1-99 

V 

Table  V. 

Classification  of  viruses  by  maximum  weight  obtained  on  2  per  cent,  glycerol 
broth  in  any  experiment. 


Virus. 

Weight. 

Grade. 

Limits  of  Grade. 

B  IV  

0*69 

B  IX   

0-73 

0-69— 1-032 

B  II   

0-84 

H  90   

1  -04 

J.  KjrS: 

II 

B  I   

P  XIV  

1-30 

II 
II 

1-032— 1-374 

H  31   

1-33 

II 

P  II   

1-40 

III 

P  XIV.    "  O.M."   

H  27   

1-56 
1-66 

III 
III 

1-374— 1-716 

H  12  

1-68 

III 

H  75   

1-84 

IV 

1-716— 2-058 

H  19   

2-07 

V 

B  X   

2-09 

V 

H  2   

2-20 

'V 

2-058- 2-40 

H  49   

2-20 

V 

H  74    ...  •••   

2-40 

V 

Table  VL 

Grade  and  origin  of  viruses 

compared. 

1  V 

Grade. 

Origin  and  Nature. 

Virus. 

Average. 

Maximum. 

B  I 
B  II 

II 
I 

II 
I 

Bovine,  of  Bovine  Origin  ... 

B  IV 
B  IX 

I 
I 

I 
I 

■ 

B  X 

III 

V 
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Table  VI — continuea. 


Origin. 


Virus. 


Grade. 


Average. 


Maximum. 


Bovine,  of  Poi'cine  Origin 


P  XIV.  "O.M." 
P  XIV 


IV 
II 


III 
II 


Avian,  of  Porcine  Origin 


P  II 


II 


III 


Bovine,  of  Human  Origin 


H  2 
H  19 
H  31 
H  90 


V 
IV 
III 

II 


V 
V 

II 
II 


Human,  of  Human  Origin , 


H  12 
H  27 
H  49 
H  74 
H  75 


IV 
IV 
V 
V 
V 


III 
III 

V 
V 
IV 


The  general  result  of  the  classification  by  this  method  is  that  the  bovine  and 
avian  viruses  of  bovine  and  porcine  origin  tend  to  be  placed  in  the  lower  grades  and 
the  human  viruses  of  human  origin  in  the  higher  grades,  whilst  the  bovine  viruses 
of  human  origin  are  distributed  throughout  the  system.  Virus  B  X  forms  a  marked 
exception  to  the  other  strains  of  bovine  origin  and  is  one  of  the  best  growing  of 
the  series. 

II. — Protein  Digestion. 

Several  methods  are  available  for  estimating  the  general  character  and  extent 
of  the  proteoclastic  effect  of  the  bacillus  on  the  proteins  of  the  culture  medium, 
estimations  having  been  made  in  each  case  of  (1)  the  total  nitrogen  ;  (2)  the  nitrogen 
non-precipitable  by  tannic  acid  ;  (3)  the  nitrogen  non-precipitable  by  phospho- 
tungstic  acid  ;  (4)  the  nitrogen  liberated  as  ammonia  by  hydrolysis  with  normal 
hydrochloric  acid  ;  (5)  the  free  and  saline  ammonia.  The  results  are  contained  in  the 
following  table  and  are  in  every  case  expressed  in  terms  of  cc.  N/IO  ammonia  per 
400  cc.  cf  medium. 

Table  VII. 

Changes  in  the  nitrogenous  constituents  of  glycerol  beef  broth  produced  by  the 
tubercle  bacillus. 


Change  in 

No. 

Virus. 

Age. 

Weight. 

Tannic 
Precip. 

Tannic 
Filtrate. 

Total 
Nitrogen. 

Phospho- 
tungstic 
Filtrate. 

Acid 
Hydrolysis. 

Free 
Ammonia. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

12 

B  I 

38 

0-45 

-106-7 

+  52 

-  54-7 

J-  Yi 

-24-4 

+  28-9 

14 

99 

1-05 

-117-5 

+  61-6 

-  55-9 

+  ii 

-10-3 

+  30 

74 

B  II 

142 

0-839 

-181-7 

+  82 

-  99-7 

+  92 

-51-6 

+  41-9 

9 
10 
11 

B  IV 

34 
99 
149 

0-845 

0-69 

0-59 

-101-3 
-154-3 
-lo8-3 

+  12-6 
+  105 
+  118-8 

-  88-7 

-  49-3 

-  39-5 

+  8-3 
+  34  " 
+  54-1 

+  1-2 
-  8-8 
-14-2 

-  3-7 
+  33-9 
+  42-2  _ 

70 
71 

B  IV 

133 
179  . 

0-  77 

1-  67 

-333-1 
-349 

+  280 
+  227 

-  53-1 
-122 

+  198-4 
+  171-5 

-  2-4 
-41 

+  51 
-12-4 

95 
96 

B  IX 

54 
80 

0-73 
0-61 

-  98-3 

-  65-3 

+  54-3 
+  44-3 

-  44 

-  21 

+  55-5 
+  53-5 

+  0-7 
+  '0-7 

-  6-4 

-  9-5 
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Table  VII — continued. 


No. 
1 

•  Virus. 
2_ 

Age. . 

Weight. 
4 

I        Change  in 

Tannic 
Precip. 

5. 

Tannic 
Filtrate. 

6. 

Total 
Nitrogen. 

7. 

Phospho- 
tiingstic 
Filtrate. 

8. 

Acid 
Hydrolysis. 

9. 

Free  and 

Saline 
Ammonii. 

10. 

126* 

B  X 

130 

0-68 

-191-1 

+  io.)  O 

—   0'  >  o 

—    .)  0 

92 
93 
90 

B  X 

96 
134 
210 

1-29 

1-  25 

2-  09 

-165-1 

-211 

-211 

+  75-3 
+  126-3 
+  73 

-  89-8 

-  84-7 
-138 

+  57-5 
+  51 
+  12-5 

-  2-7 
-19-8 
-10-8 

-  1-1 
+  18-8 
+  16-7 

105 
lOG 

It         V  . 

"  O.M."' 

78    '  1-43 
124  1-47 
155  1-56 

1 

—  lUD 

-226-4 
-210-8 

+  68-7 
+  117-9 
+  100-6 

-  97-3 
-108-5 
-110-2 

+  54-1 
+  68-3 

-15-9 
-10-5 
—  9 

+  13-6 
+  7-5 
+  13-4 

107 
108 
109 

P  XIV 

79 
124 
155 

1-30 
1-20 
1-22 

-200-6 

—221 

-193-2 

+  105-4 
+  133-6 
+  117-2 

-  95-2 

-  87-4 

-  76 

+  82 
+  93-3 

—  5-1 
-13-6 

-  7-5 

+  1-2 
+  15-1 
+  11-8 

101 
98 
100 

p  II 

99 
134 
222 

0-  7 

1-  4 
0-88 

-  84-3 
-131-1 
-173-4 

+  24-3 

+  0 

+  112-7 

-  60 

-  yo  D 

-  60-7 

+  51-5 
1    /1 9  • 

+    'iii  «) 

+  43 

-10-4 

-29-1 
9t; 

-11-9 

22 
20 
21 

H  12 

35 
129 
198 

0-  23 

1-  68 
1-59 

-  23 

-  97 
-126 

+  28 
+  41 
+  55 

+  5 

-  56 

-  71 

+  16-8 
+  67-3 
+  90-4 

+  16-7 

-  4-9 

-  3-4 

—  5-7 
-35-2 

-23 

24 

35 
129 

0-  42 

1-  66 

-158 

+  24 
+  43 

-  4 
-115 

+  0-4 
+  41-3 

-  4-1 

-  4-7 

-10-4 
-35-6 

66 

H  49 

188 

1-59 

-138 

+  12 

-1.,; 

+  54 

-14-1 

+  8-7 

53 
52 

H  49 

105 
240 

2-2 
1-47 

-  90 
-148 

+  i\) 
+  92 

-  56 

+  o<> 
+  83 

1 

—  i 

+  2 

—  ou 

-  1 

44 
43 
42 

H  74 

Hi 

20O 
269 

9  .  i 

^  "i 
1-1 

1-57 

-195-2 
-181-7 
-159-4 

-  53-8 
+  70-7 
+  27-4 

-2i9 
-111 
-132 

-  6 
+  65 
+  44-1 

-  6-5 
-19-5 

-45-9 
-21 

+  4G 

116 

26 
111 

0-  35 

1-  55 

4.1  ■  R 
—   "±1  D 

-157-3 

-  14-5 
+  10-6 

-  56-1 
-146-7 

-  0-3 
+  45-8 

— 

-15-1 
-22-1 

118* 

H  74 

80 

0-68 

-116-8 

+  69-3 

-  47-5 

+  98-9 

-  0-97 

57 
56 

H  75 

105 
240 

1-84 
1-29 

-169 
-115-8 

+  96 
+  /y  o 

-  73 

—  ob 

+  136 

1  119 

-  2-3 

+  14  5 

-19-7 

1     9  •  ! 

87 
88 
89 

H  2 

114 
166 
232 

1-  81 

2-  18 
2-2 

-154 

-248-9 

-210-2 

+  51 
+  64 
+  61-2 

-103 
—  184-9 
-149 

+  40-9 
+  34-5 

+  33 

— 

— 13  -  9 
-18-5 

-29-9 
—  9-2 
+  13-5 

85 
84 
83 

H  19 

93 
178 
254 

1-  18 

2-  07 
1-44 

-211-5 
-242-S 
-252-7 

+  113 
+  93-8 
+  157-7 

-  98-5 
-149 

-  95 

+  44-9 
+  57-9 
+  103-1 

-29-1 

-33 

-15-2 

+  19-3 
+  18-6 
+  37-5 

64 

H  31 

142 

2-0 

-371 

+  273 

-  98 

+  166-4 

-18-2 

-  9-3 

76* 

H  31 

145 

1-57 

-336 

+  221 

-115 

+  90 

-25-3 

-  5-8 

60 

H  31 

116 

1-33 

-207 

+  76 

-131 

+  51-5 

-26-6 

-14-5 

119 
120 

H  90 

27 
62 

0-  64 

1-  04 

-  66 -G 
-105-4 

+  1-8 
+  11-8 

-  64-8 

-  93-6 

+  10-2 

-  4-8 
-24-9 

*  In  experiments  126,  76,  and  118  a  current  of  air  was  frequently  ])assei-l  over  tlie  surface 
of  the  culture  during  incubation. 
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These  numbers  do  not  require  much  comment.  They  indicate  that  a  vigorous 
digestion  of  the  protein  matter  of  the  medium  occurs,  which  as  a  general  rule 
increases  with  the  duration  of  incubation.  This  is  rendered  evident  by  the  decrease 
in  the  nitrogen  precipitable  by  tannic  acid,  the  increase  in  that  non-precipitable  by 
tannic  acid,  the  increase  in  that  non-precipitable  by  phosphotungstic  acid,  and  the 
decrease  in  the  ammonia  liberated  by  hydrolysis  with  hydrochloric  acid. 

The  interpretation  of  the  results  is  complicated  in  every  case  by  the  fact  that 
after  the  growth  of  the  bacillus  the  total  nitrogen  of  the  medium  is  less  than  that  of 
the  original  medium,  owing  to  assimilation  by  the  organism  and  possibly  other 
causes  (p.  18).  Hence,  considering  any  factor  which  would  be  decreased  by 
digestion,  an  observed  decrease  may  really  be  due  in  part  or  entirely  to  assimilation, 
and  hence  represents  a  maximum  limit  to  the  extent  of  the  digestion.  On  the  other 
hand  an  observed  increase  in  the  factors  which  would  tend  to  be  increased  by  digestion 
represents  a  minimum,  limit. 

(a)  Nitrogen  precipitable  by  tannic  acid  {Col.  5). — In  every  case  this  was  found 
to  have  undergone  a  considerable  decrease,  amounting  in  some  instances  to  as  much 
as  40  per  cent,  of  the  original  amount.  The  absolute  amount  digested  as  a  rule 
increases  with  the  period  of  incubation  and  the  weight  of  the  culture  obtained. 

(b)  Nitrogen  jion-precipitable  by  tannic  acid  ( Col.  6). — This  factor  also  increases 
in  every  instance  except  two.  If  no  assimilation  or  loss  occurred,  the  increase  in 
this  factor  would  of  course  be  equal  to  the  decrease  in  the  foregoing.  Owing  to 
assimilation  by  the  organism,  however,  it  is  invariably  less,  by  an  amount  equal  to 
the  difference  between  the  original  and  final  amounts  of  total  nitrogen  present  in  the 
liquid.  Only  in  two  instances  (Xos.  44,  117)  has  assimilation  been  so  much  more 
rapid  than  the  digestive  process  as  to  cause  a  diminution  in  this  factor.  The 
compounds  which  are  not  precipitated  by  tannic  acid  comprise  ammonium  salts, 
monaminoacids,  hexone  bases,  and  the  lower  polypeptides. 

(c)  Nitrogen  non-precipitable  by  phosphotungstic  acid  {Col.  8). — The  compounds 
coming  under  this  heading  are  chiefly  the  aminoacids,  and  they  are  also  increased  in 
quantity  by  the  action  of  the  bacillus.  This  increase  occurs  at  the  expense  both  of 
the  nitrogen  precipitable  and  of  that  non-precipitable  by  tannic  acid,  compounds  of 
the  type  of  polypeptides,  which  are  themselves  precipitated  by  phosphotungstic  acid, 
but  not  by  tannic  acid  being  converted  by  digestion  into  simpler  substances  which 
escape  precipitation  by  either  reagent.  Hence  this  fraction  may  increase  whilst  the 
fraction  not  precipitated  by  tannic  acid  remains  constant,  or  increases  to  a  less  degree, 
or  even  decreases.  This  is  actually  the  case  in  many  experiments  (Nos.  57,  56,  21, 
20,  101,  etc.). 

(d)  Nitrogen  liberated  as  ammonia  by  hydrolysis  with  normal  hydrochloric  acid 
{Col.  9). — This  almost  invariably  decreases  in  amount,  showing  that  the  amides  of 
the  broth  are  either  decomposed  or  assimilated  to  a  greater  or  less  extent. 

(e)  Change  in  the  amount  of  free  and  saline  ammonia  {Col.  10). — The  amount 
of  free  and  saline  ammonia,  liberated  at  37°  in  presence  of  magnesia,  amounted  in 
the  original  media  to  18'5-46*7  cc.  N/10  ammonia  per  400  cc.  of  medium.  The 
estimation  was  in  every  case  carried  out  with  25  cc,  of  liquid,  and  was  accurate  to 
about  0'2  cc.  so  that  the  final  number, per  400  cc.  should  be  accurate  to  about  3-4  cc. 

The  same  remarks  with  regard  to  production  and  assimilation  apply  to  this  as 
to  the  other  factors  depending  on  protein  decomposition,  but  with  especial  force, 
since  the  fact,  that  a  decrease  in  the  amount  of  ammonia  present  does  occur  in  many 
cases,  affords  direct  evidence  that  ammonia  can  supply,  at  all  events  in  part,  the 
nitrogen  assimilated  by  the  bacillus.  Hence  the  change  in  the  amount  of  free 
ammonia  may  be  taken  to  indicate  very  clearly  the  relative  preponderance  of 
assimilation  and  production. 

On  this  assumption  it  would  be  expected  that  different  final  conditions  would 
be  brought  about  according  to  the  different  weights  of  culture  obtained  and  the  times 
during  which  they  were  in  contact  with  the  liquid,  a  further  factor  being  any  specific 
difference  between  the  various  cultures. 

Any  exact  quantitative  comparison  is  rendered  impossible  by  our  ignorance  of 
the  exact  time  during  which  either  assimilation  or  production  of  ammonia  is  in 
progress.  The  assimilation  of  nitrogen  would  be  proportional  to  the  weight  of  the 
culture  obtained  and  the  production  probably  proportional  both  to  the  mean  weight 
of  culture  and  the  time  of  action,  modified  by  the  accumulation  of  the  products  of 
decomposition  in  the  liquid.  The  change  actually  observed  is  the  resultant  of  these 
two  opposite  tendencies. 
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That  these  considerations  afford  a  complete  qualitative  explanation  of  the  results 
observed  is  shown  by  an  examination  of  the  data.  There  are  in  all  17  series 
comprisino-  43  experiments,  in  which  it  is  possible  to  compare  the  effect  of  the  same 
virus  on  the  same  medium  for  different  times.  Ou^  of  these,  14  series  (comprising 
o5  experiments)  are  completely  consistent  with  the  foregoing  explanation,  and  a  few 
of  these  are  adduced  to  illustrate  the  prevailing  conditions. 

(a)  ISTumber.  ^ge.  Weight.       Change  in  Free  Ammonia. 

44  114  '2-4  -45-9  ■ 

43  200  1-1  -21 

42  260  1-57  +46 

Here  the  connection  between  a  large  growth  and  a  large  decrease  in  ammonia  is 
very  evident.  The  original  amount  of  ammonia  present  in  the  medium  was  46,  so 
that  the  whole  of  this  was  assimilated  (No.  44).  The  much  smaller  weight  of 
culture  obtained  in  experiment  43  has  produced  only  half  as  great  a  diminution,  the 
smaller  amount  of  assimilation  acting  in  the  same  direction  as  the  longer  period  of 
incubation,  whilst  finally  in  experiment  42  the  prolonged  period  of  incubation  of  a 
larger  weight  of  culture  has  resulted  in  an  increase. 

{b)  Number.  ^ge.  Weight.  Change  in  Ammonia. 

8V  114  1-81  —29-9 

88  166  2-18  —  9-2 

89  232  2-2  +13-5 

In  this  case  the  weights  are  not  very  different  and  the  effect  of  increase  of  time 
of  incubation  is  clearly  seen  in  a  progressive  diminution  in  the  decrease  of  free 
ammonia. 

(c)  Number.  Age.  Weight.         Change  in  Ammonia. 

70  133  0-77  +  51 

71  179  1-67  —12-4 

In  this  case  the  assimilation  due  to  the  larger  growth  of  bacillus  has  more  than 
compensated  for  the  increased  time  of  incubation  and  has  produced  a  decrease  of 
]2'4  instead  of  an  increase  of  51. 

The  three  series  of  experiments  which  are  not  entirely  consistent  with  this  mode 
of  explanation  are  tabulated  below. 

Table  VIII. 


Number. 

Age. 

Weight. 

Change  in  Ammonia. 

Change  in  Tannic 
Precipitate. 

d  95 

54 

0-73 

-  6-4 

-  98-3 

96 

80 

0-61 

-  9-5 

-  65-3 

e  104 

78 

1-43 

+  13-6 

-166 

105 

124 

1-47 

+  7'5 

-226-4 

106 

155 

1-56 

+  13-4 

-210-8 

/  107 

79 

1-30 

+  1-2 

-200-6 

108 

124 

1-20 

+  15-1 

-221 

109 

155 

1-22  ' 

+  11-8 

-193-2 

id)  Here  the  smaller  weight  acting  for  a  longer  time  has  produced  a  slightly 
greater  decrease  in  ammonia,  whereas  a  smaller  decrease  would  have  been  expected. 
The  smaller  amount  of  protein  digestion  (change  in  tannic  precipitate)  j^roduced  by 
No.  96  indicates  that  this  culture  was  much  less  active  than  No.  95  in  this  respect, 
and  this  is  probably  the  cause  of  the  inconsistency. 

(e)  No.  104  has  given  an  anomalous  result,  as  it  would  have  been  expected  to 
yield  less  ammonia  than  105,  especially  as  its  digestive  effect  is  much  less.  105  and 
106  are  mutually  consistent. 

(/)  The  slight  inconsistency  between  108  and  109  is  probably  also  due  to  the 
fact  that  the  digestive  power  of  109  is  less  than  that  of  108. 

It  thus  appears  that  out  of  43  observations,  only  three  are  apparently 
qualitatively  inconsistent  witli  the  explanation  suggested,  and  of  these  only  one 
(104)  seems  to  be  incapable  of  being  brought  into  harmony  with  the  others. 

The  comparison  of  the  action  of  viruses  of  different  origins  is  a  matter  of 
great  difficulty.  Dealing  with  the  results  statistically  and  including  all  the  results 
obtained    (50),  the  following  table  gives  the  numbers  and  percentages  of  the 

27676  c 
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viruses  of  different  origms  which  show  no  change,  increase,  and  decrease  respectively 
in  the  free  and  saline  ammonia. 

Table  IX. 


No  change. 

Increase, 

Decrease. 

iNajturB  oi  Virus, 

Total 

Experiments. 

XI  LLlll  U C I.  • 

PplT'Pni".'!  0"P 

ii  uuiUc^rt 

Jjovme,     01  jDOvine 

1  A 

2 

14-3 

9 

64-3 

3 

21-4 

Origin. 

Bovine,    of  Porcine 

6 

1 

16-7 

5 

83-3 

0 

0 

Origin. 

Avian,     of  Porcine 

3 

0 

0 

0 

0 

3 

100-0 

Origin. 
Bovine,    of  Hnman 

11 

0 

0 

4 

36-4 

7 

63-6 

Origin. 

Human,    of  Human 

16 

o 

O 

18-75 

2 

12-5 

11 

68-5 

Origin. 

A  striking  difference  is  at  once  manifest  between  the  bovine  viruses  of 
bovine  and  porcine  origin  on  the  one  hand  and  the  bovine  and  human  viruses  of 
human  origin  on  the  other,  the  latter  causing  a  decrease  more  frequently  than  an 
increase,  whilst  with  the  former  the  conditions  are  reversed.  The  single  avian 
virus  examined  gave  in  all  three  experiments  a  marked  decrease  and  thus  agrees  with 
the  bovine  and  human  viruses  of  human  origin. 

This  state  of  things  is  qualitatively  exactly  what  would  be  expected,  without 
assuming  any  specific  difference  between  the  viruses  of  different  origins,  simply  on 
account  of  the  different  weights  of  culture  yielded  by  them  (pp.  10-14). 

It  is,  however,  impossible  to  make  a  strictly  quantitative  comparison  from  this 
point  of  view,  even  between  cultures  grown  on  media  of  the  same  composition, 
because  the  rate  and  duration  of  growth,  and  the  length  of  the  period  during 
which  production  of  ammonia  occurs  are  unknown. 

(f)  Loss  of  nitrogen  {Col.  7). — The  total  nitrogen  of  the  medium  always 
decreases  considerably  during  the  growth  of  the  bacillus,  this  being  mainly  due  to 
the  assimilation  of  nitrogen  by  the  organism.  The  estimation  of  the  nitrogen 
contained  in  the  washed  and  dried  bacilli  usually,  but  not  invariably,  yields  a  number 
decidedly  lower  than  that  obtained  by  subtracting  the  final  amount  of  nitrogen  in 
the  medium  from  its  initial  value.  This  difference  appears  to  be  a  real  one  and  not 
to  be  due  to  experimental  error.  It  probably  arises  from  the  method  adopted  of 
treating  the  bacterial  mass  in  order  to  obtain  the  weight  of  the  culture.  This 
consists  in  washing  the  bacilli  four  times  with  distilled  water,  then  steaming  them 
on  the  filter  for  one  hour  and  finally  drying  them  over  sulphuric  acid.  There 
is  every  probability  that  some  of  the  nitrogenous  constituents  of  the  cell  would  be 
removed  in  this  way,  leading  to  the  observed  discrepancy.  Another  minor  cause  of 
loss  is  perhaps  to  be  found  in  the  fact  that  in  some  cases  the  medium  becomes 
alkaline  to  phenolphthalein.  As  a  consequence  of  this  alkalinity  a  certain  loss  of 
ammonia  by  evaporation  is  almost  inevitable,  and  it  must  be  remembered  that, 
even  when  the  final  reaction  is  acid,  it  is  quite  possible  that  the  medium  has  passed 
through  an  alkaline  stage.  No  direct  evidence  of  the  loss  of  ammonia  from  the 
solution  in  this  way  has  been  obtained. 

The  following  estimations  show  the  extent  of  the  discrepancy  in  question. 

Table  X. 


Number. 

Weight. 

Per  cent,  of  N. 

N.  in  Dried  and  Washed 

Bacilli, 
(cc.  of  N/IO  Ammonia.) 

Loss  of  N  from 
Medium, 
(cc.  of  N/iO  Ammonia.) 

88 

2-18 

8-05 

125-4 

184-9 

85 

1-18 

7-63 

64-3 

98-5 

60 

1-33 

7-34 

69-8 

131-0 

66 

l-,59 

8-34 

94-7 

126-0 

70 

0-77 

8-51 

46-8 

53-1 

74 

0-84 

8-50 

51-0 

99-7 

92 

1-29 

7-36 

67-8 

89-8 

64 

"2-0 

7-11 

101-7 

98-0 

87 

1-81 

8-27 

106-9 

103-0 
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III. — Change  in  Acidity. 

The  titrations  were  carried  out  on  25  cc.  of  the  solution  in  the  manner  de- 
scribed on  p.  7,  and  the  results  are  expressed  in  cc.  of  1^/10  acid  per  400  cc. 
of  medium.  An  error  of  0"2  cc,  in  the  titration,  therefore,  becomes  3'2  cc.  in  the 
total  acidit}',  and  this  represents  approximately  the  limit  of  accuracy  attained. 

In  41  out  of  50  experiments  the  final  acidity  was  lower  than  the  original, 
whilst  in  the  remaining  nine  experiments  it  was  higher. 

It  is  to  be  noted  that  in  several  cases  the  culture  medium  at  the  close  of  incu- 
bation was  alkaline  to  phenolphthalein  in  the  cold  (after  having  been  heated  to  90° 
and  then  cooled),  and  in  a  few  cases  was  also  alkaline  at  90°. 

In  the  accompanying  table  (Table  XI.)  the  actual  acidity  and  the  change  in 
acidity  are  both  given,  together  with  the  virus  employed,  age  of  culture,  and 
original  acidity  of  medium.  All  the  results  are  expressed  in  ccs.  of  N/10  acid  per 
400  cc.  of  medium,  and  the  acidities  of  those  cultures  which  were  alkaline  in  the 
cold  are  italicised.    Increases  in  acidity  are  marked  +  ,  decreases  — . 


Table  XI. 
Change  in  Acidity. 


Virus. 

Number. 

Age  in 
Days. 

Original  Acidity 
of  Medium. 

Final 
Acidity. 

Change 
in  Acidity. 

Bovine,  op  Bovine  Origin. 

-    1 

12 
14 

38 
99 

+  24-4 
»? 

-  14-1 

-  2-4 

-  38-5 

B  II   

74 

142 

+  70-6 

+  19-2 

-  51-4 

f 
I 

B  IV    i 

1 

L 

9 
10 
11 
70t 
71t 

34 
99 
149 
133 
199 

+  24-4 

+  68-7 
)? 

+  15-2 
—  5-5 

+  33-6 
+  160 

-  9-2 

-  29-9 

-  28-3 

-  35-1 
+  91-3 

B  IX      ..        ...  1 

95 
96 

54 
80 

+  97-6 

+  36-8 
+  46-4 

-  60-8 

-  51-2 

B  X      ..   ^ 

r 

L 

126* 
92 
93 
90 

130 
90 
134 
210 

+  97-6 
" 

+  43-2 
+  40-8 
+  41-2 
+  27-2 

-  ,54-4 

-  56-8 

-  56-4 

-  70-4 

Bovine,  op  Porcine  Origin. 

P  XIV.    ••  O.M." 

104 
105 
106 

78 
124 
155 

+  97-6 

+  25-6 
+  24 
+  27-2 

-  72 

-  73-6 

-  70-4 

p  XIV  1 

107 
108 
109 

79 
124 
155 

+  97-6 

+  49-6 
+  46-4 
+  25-6 

-  48 

-  51.-2 

-  72 

Avian,  op  Porcine  Origin. 

P  II    ...   ■ 

101 
98 
100 

99 
134 

222 

+  97-6 

+  42-4 
+  25-6 
+  34-4 

-  55-2 

-  72 

-  63-2 

Human,  op  Human  Origin. 

H  12  

22 
20 
21 

35 
129 
198 

+  40-7 

n 

5» 

+  50-4 
+  4-8 
+  57-0 

+  9-7 

-  35  9 
+  16 -3 

*  Air  was  frequently  passed  over  the  surface  of  this  culture  during  incubation, 
t  Grown  on  5  per  cent,  glycerol  broth. 
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Table  XI — continued. 
Human,  op  Human  Origin — continued. 


[Virus. 

Number. 

Age  in 
Dayp. 

Original  Acidity 
of  Medium. 

Final 
Acidity. 

Change 
[in  Acidity. 

H  27  j 

25 
24 

35 
129 

+  40-7 

+  15-6 
+  44-4 

-  25-1 
+  3-7 

H  49  1 

( 

66 
53 
52 

188 
105 
240 

+  70-6 
+  71 

+  30-4 
+  6-4 
+  41-6 

-  40-2 

-  64-6 

-  29-4 

fl  74  ^ 

[ 

44 

42 
117 
116 

list 

114 

369 
26 

111 
80 

+  70-6 
+  79-2 

!? 

+  12-8 
+ 1 50 • 4 
+  67-2 
+  60-8 
+  16 
+  57-6 

-  57-8 
-V-  79-8 

-  3-4 

-  18-4 

-  63-2 

-  21-4 

H  75  j 

1  57 
56 

105* 
240 

+  71 

+  54{?) 
+  20-8 

-  17-0 

-  50-2  - 

Bovine,  of  Human  Origin. 

H  2   1 

87 
88 
89 

114 

j66 
232 

+  78-6 

+  91 
+  S'>-6 
+  91-2 

+  12-4 
+  7 
+  12-6 

H  19   1 

85 
84 
83 

93 
178 
254 

+  78-6 

+  102-4 
+  65-2 
+  76-8 

+  23-8 

-  13-4' 

-  1-8 

H  31  1 

I 

64+ 
76t 
60 

142 
145 
116 

+  68-7 
+  70-6 

+  35-2 

+  64 
+  56 

-  35-5 

-  4-7 

-  14-6 

H  90  I 

119 
120 

27 
62 

+  79-2 

+  ;56 

+  40 

-  43-2 

-  39-2 

1.  Bovine  viruses  of  bovine  origin. — -Fourteen  determinations  were  made  with 
bovine  virusevS,  and  only  in  one  case  was  an  increase  of  acidity  observed.  This 
occurred  in  a  culture  of  Virus  B  IV  in  5  per  cent,  glycerol  broth,  179  days  old, 
and  was  so  considerable  as  to  lead  to  a  suspicion  of  contamination.  The  material 
was,  however,  exhausted,  and  no  further  examination  could  be  made.  With  this 
exception  the  results  are  in  agreement  with  those  of  Theobald  Smith  and  Griffith. 
The  acidity  is  lowered  to  a  certain  point  and  then  remains  almost  constant. 

2.  Bovine  viruses  of  porcine  oriijin. — In  each  of  the  six  experiments,  dealing 
with  two  viruses,  the  acidity  was  considerably  lowered.  As  regards  variation  with 
time,  the  two  series  available  for  comparison  differ  somewhat.  In  the  first  case 
(Experiments  104,  105,  106)  the  decrease  is  almost  constant  for  78,  124,  and  155 
days.  In  the  second  series  it  increases  with  the  duration  of  incubation  (Experiments 
107,  108,  109). 

3.  Avian  virus  of  porcine  origin. — In  all  three  experiments  decrease  in  acidity 
was  observed  ;  this  was  greater  at  134  days  than  either  at  9i^  or  122  days. 

4.  Bovine  viruses  of  human  origin. — A  final  decrease  was  observed  in  7  cases 
out  of  11,  an  increase  in  4.  Three  series  were  available  for  observations  on 
the  variations  of  acidity  with  time.  In  the  first  of  these  (Experiments  87, 
88,  89)  there  was  a  small  increase  at  all  times  from  114  to  232  days.  In  the  second 
(Experiments  85,  84,  83)  an  increase  after  93  days  was  followed  by  a  decrease  at  178 
and  254  days.  In  the  third  (Experiments  119,  120)  there  was  an  almost  constant 
decrease  both  at  27  and  62  days. 

5.  Human  viruses. — Out  of  16  experiments,  decrease  in  acidity  was  found. in 
12  cases,  increase  in  4.     In  five  series  it  was  found  that  the  change  of  acidity 

*  This  solution  \vas  extremely  dark-coloured  and  the  reaction  with  phenolphthale'in  con- 
sequently uncertain. 

lAir  was  frequently  passed  over  the  surface  of  these  cultures  during  incubation, 
j  Grown  on  5  per  cent,  glycerol  broth. 


followed  the  typical  curve  observed  by  Theobald  Smith,  a  decrease  in  acidity  being 
followed  by  an  increase  as  the  time  of  incubation  was  prolonged. 

The  factors  involved  in  the  change  of  aciditi/  of  (jlycerol  broth. — The  change  in 
acidity  of  a  complex  medium,  such  as  the  glycerol  broth  employed  in  these  experi- 
ments is  a  phenomenon  which  may  involve  a  large  number  of  factors,  the  observed 
change  in  acidity  being  the  resultant  of  a  number  of  diiferent  chemical  changes,  in 
which  acid  or  alkali  may  be  either  produced  or  destroyed. 

The  chief  of  these  factors  in  the  case  under  consideration  appear  to  be  the  following. 

I.  Production  of  acid. 

(a)  From  glycerol,  muscle  sugar,  or  other  non-nitrogenous  constituents  of 
the  broth. 

(Ij)  By  the  elimination  of  ammonia  from  amino-acids  and  amides, 
(c)  By  the  proteoclastic  decomposition  of  certain  of  the  protein  constituents 
of  the  broth. 

II.  Destruction  of  acid,  by  oxidation  or  assimilation  of  acids  already  existing  in 
the  broth,  e.g.,  lactic  and  phosphoric  acids,  or  of  acids  produced  by  the  processes 
mentioned  under  I. 

III.  Production  of  alkali,  by  the  liberation  of  ammonia  and  hexone  bases  by 
the  decomposition  of  proteins,  amides,  amino-acids,  etc. 

IV.  Destruction  of  alkali,  by  assimilation  of  ammonia  or  (jther  bases,  l)oth 
organic  and  inorganic,  already  existing  in  the  broth,  or  of  ammonia  and  bases  pro- 
duced as  mentioned  under  III. 

The  analysis  of  the  phenomena  observed  into  these  various  factors  has  not  been 
completely  accomplished,  but  a  certain  amount  of  informatic^n  on  these  points  has 
been  acquired  and  may  be  summarised  under  the  same  headings. 

The  fundamental  observation  of  the  whole  series  is  the  determination  of  the  acidity 
(titration  value)  of  the  medium,  and  unfortunately  the  only  practicable  method  available 
for  this  is  not  very  satisfactory.  Owing  to  the  presence  of  very  weak  acids  in  the 
medium,  the  change  of  colour  produced,  even  in  the  most  sensitive  indicators,  is 
very  gradual  and  this  difficult}^  is  often  complicated  by  the  colour  of  the  liquid  to  be 
titrated.  In  addition  to  this  the  method  employed,  which  only  differs  in  some 
slight  details  from  that  used  by  Theobald  Smith  and  Griffith,  does  not  give 
absolutely  reliable  data  for  ascertaining  the  actual  amount  of  acid  produced  or 
destroyed.  In  the  first  place  a  large  amount  of  carbon  dioxide  is  produced  during 
the  growth  of  the  bacillus  by  the  oxidation  of  the  glycerol,  etc.  of  the  medium 
(p.  28).  Some  of  tins  carbonic  acid  may  remain  combined  in  the  form  of  carbonates 
or  bicarbonates  of  inorganic  bases,  such  as  potash  or  magnesia,  or  of  ammonia  or 
other  organic  bases,  and  these  carbonates  entirely,  or  partially,  escape  decomposition 
Avhen  the  liquid  is  heated  to  90'^.  In  this  way  a  variable  amount  of  carbon  dioxide 
in  the  different  experiments  may  be  included  as  acid  produced,  or  may  mask  the 
loss  of  acid,  although  it  is  not  probable  that  this  error  would  be  large.  In  the 
second  ])lace  it  frequently  happens  that  the  liquid  is  alkaline  to  phenol})hthalein  after 
having  been  heated  and  cooled  (see  p.  I'J).  Some  of  this  alkalinity  is  no  doubt 
due  to  the  presence  of  free  ammonia  or  ammonium  carbonate,  and  in  both  cases  loss 
occurs  when  the  liquid  is  heated  prior  to  titration,  and  the  production  of  alkali  (loss 
of  acidity)  appears  too  small.  Hence  the  results  obtained  by  taking  the  apparent 
change  in  acidity  as  a  basis  of  calculation  cannot  be  expected  to  be  rigorously 
accurate.  In  spite  of  these  considerations  however,  it  has  been  thought  advisable  to 
prepare  a  table  (Table  XV)  showing  the  residual  change  in  acidity  after  allowing  as 
far  as  possible  for  all  the  factors  upon  which  observations  have  been  made. 

I.  Production  of  acid. 

(a)  No  direct  evidence  of  the  production  of  acid  from  glycerol,  etc.  has  been 
obtained.  That  is  to  say  (1)  that  no  definite  acid  product  of  such  a  change  has 
been  isolated  or  detected  in  the  medium  after  cultivation  of  the  bacillus;  (2)  that 
there  is  no  recognisable  relation  between  the  amounts  of  glycerol  used  and  the 
production  of  acid  (see  table  and  discussion,  p.  27). 

(6)  The  liberation  and  assimilation  of  free  ammonia,  which  is  discussed  on 
p.  16,  provides  a  possible  source  of  acid  production,  which  may  be  illustrated 
by  a  simple  example.  The  amino-acids,  such  as  aminoacetic  acid  or  glycocoU, 
NHa'CHa'COOH,  are  as  a  rule  almost  neutral  to  phenolphthalein,  and  in  any  case 
give  a  titration  valne  much  below  their  chemical  equivalent.  If  these  be  decomposed 
into  ammonia  and  the  corresponding  fatty  acid  or  hydroxy-acid,  for  either  action 
may  occur,  the  result  is  that  the  ammonium  salt  of  this  acid  is  formed,  and  this  is 
approximately  neutral. 
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If  now  the  ammonia  be  removed  by  assimilation,  the  free  acid  is  left,  which  gives 
its  full  equivalent  value  when  titrated.  The  reactions  in  question  are  illustrated 
by  the  following  hvpothetical  equations  dealing  with  aminoacetic  acid. 

(1)  a  NH3-CH2'COOH  +  2H  =  NH3  +  CH3-COOH  =  CH3-COONH4.9s 

h  NH/CHs-COOH  +  H,,0  =  NH3  +  HO-CH.-COOH  =  HO-CHo.COONH4. 

(2)  a  CH3-COONH4  =  CH3-COOH  +  [NH3]. 

b  HO-CH,/COONH4  =  HO-CH2-COOH  +  [NH3]. 
The  products  of  reaction  (1)  are  neutral,  those  of  reaction  (2)  acid. 
Similar  considerations  hold  with  regard  to  the  amides,  such  as  asparagine, 
COOH-CH(N"H,)-CH2-CO-NH2.      The  amido  -group   of  this  substance  is  readily 
removed  by  hydrolysis  yielding  ammonium  aspartate, 

C00NH,-CH.3-CH  (NH2)-C00H, 
and  this  passes  into  aspartic  acid  if  the  ammonia  be  removed  by  assimilation.  The 
titration  value  of  these  compounds  are  as  follows,  amounts  equivalent  to  10  cc.  of  a 
0"5  °/ ^  solution  of  asparagine  being  employed  throughout. 

Acid  equivalent. 
10  cc,  asparagine  2  cc.  N/10  acid. 

10  cc.  ammonium  aspartate  0*66  cc. 

10  cc.  aspartic  acid  4  cc. 

Hence  the  conversion  of  the  asparagine  mto  ammonium  aspartate  causes  a 
diminution  of  acidity  of  2  — 0'66  =  1*34  cc.  ;  the  removal  of  ammonia  from  this 
leaving  aspartic  acid,  causes  a  rise  of  acidity  of  4  — 0*66  =  3*34  cc,  so  that  the  nett 
result  of  the  hydrolysis  of  the  amide  and  the  removal  of  ammonia  is  a  rise  in 
acidity  of  4—2  =  2  cc. 

No  means  has  been  found  for  the  direct  estimation  of  any  acid  produced  in  this 
way,  and  it  would  therefore  appear  as  a  part  of  the  residual  change  in  acidity, 
obtained  by  calculation  from  the  observed  change  by  allowing  for  the  changes  in 
ammonia  and  ether-soluble  acids. 

(c)  The  direct  production  of  acid  by  the  enzymatic  hydrolysis  of  proteins  has 
often  been  observed  but  varies  very  considerably  with  the  nature  of  the  protein  and 
of  the  enzyme.  Thus,  Bayliss,*  by  the  action  of  trypsin  on  casein,  found  that  the 
solution  rapidly  became  acid  to  litmus  paper. 

In  order  to  obtain  information  as  to  the  probable  magnitude  of  this  elFect  with 
glycerol  beef  broth,  experiments  were  instituted  with  one  of  the  media  employed  for 
the  cultivation  of  the  tubercle  bacillus,  which  was  subjected  to  digestion  by  pepsin 
and  by  pancreathi,  the  method  being  described  on  p.  9. 

It  is  probable  from  analogy  that  the  proteoclastic  enzyme  of  the  tubercle  bacillus 
resembles  trypsin  more  closely  than  pepsin  in  its  action. 

The  results  of  the  experiments  were  as  follows,  the  figures  for  check  experi- 
ments carried  out  with  boiled  solutions  being  also  given,  as  well  as  the  amount  of 
nitrogen  rendered  precipitable  by  tannic  acid,  as  an  indication  of  the  extent  to  which 
digestion  proceeded.  The  results  were  actually  obtained  with  25  cc.  of  the  medium 
and  are  expressed  in  terms  of  400  cc.  of  the  medium  in  uniformity  with  the  tttbles 
throughout. 

The  total  nitrogen  in  the  case  ,of  the  peptic  digestion  was  884*8  cc.  N/10 
ammonia,  of  which  497*6  were  originally  precipitable  by  tannic  acid  ;  in  the  case  of 
the  tryptic  digestion  the  total  was  999*2  cc,  of  which  558*4  were  originally  precipit- 
able, in  every  case  per  400  cc 

Table  XIL 


Time  in  Hours, 

Change  in  Acidity.    CCs.  N/10  Acid  per  400  cc. 

Nitrogen  Rendered  Non-precipitable  by 
Tannic  Acid.    CCs.  N/10  Ammonia. 

Unboiled. 

Boiled. 

Difference. 

Unboiled. 

Boiled. 

1.  Peptic  Digestion. 

39 

+  17-6 

-  3-2 

+  20-8 

216 

-f-  8-6 

-  14-4 

+  23-0 

137*6 

0 

*  Bayliss,  "  The  Nature  of  Enzyme  Action,"  p.  49.    (London,  1908.) 
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Table  XII — conti/iued. 
2.  Tryptic  Digestion. 


Time  in  Hours. 

Change  in  Acidity.  CCs.  N/IO  Acid  per  400  cc. 

Nitrogen  Rendered  Non-precipitable  by 
Tannic  Acid.    CCs.  N/10  Ammonia. 

Unboiled. 

Boiled. 

Difference. 

Unboiled. 

Boiled. 

15 
39 
216 

+  25-8 
+  73-6 

+  66-6 

-  3-2 
+  14-4 
+  19-2 

+  25-6 
+  59-2 
+  47-4 

260-8 

0 

It  will  be  observed  that  in  both  cases  there  is  a  decided  increase  in  acidity  and 
that  the  amount  of  digestion  is  of  the  same  order  of  magnitude  as  the  change  pro- 
duced by  the  tubercle  bacillus  (^see  table,  p.  15). 

Without  pushing  the  analogy  between  the  action  of  pancreatin  or  pepsin  and 
that  of  the  bacillus  too  far,  the  conclusion  appears  to  be  perfectly  justified  that  the 
change  in  acidity  due  to  the  enzymatic  hydrolysis  of  the  proteins  present  through  the 
agency  of  the  bacillus  is  of  the  same  order  as  the  residual  increase  in  acidity  observed 
after  all  other  determinable  factors  have  been  eliminated  (see  Table  XV,  Col.  8). 

11.  Destruction  of  acid. 

This  process  has  been  traced  in  a  certain  number  of  the  experiments,  as 
regards  («)  the  acids  soluble  in  ether,  (b)  phosphoric  acid.  No  evidence  has  been 
obtained  as  to  whether  the  acids  not  soluble  in  ether  and  the  acids  produced  by 
the  action  of  the  bacillus  on  the  medium  are  liable  to  similar  changes.  The 
assimilation  of  inorganic  acids,  other  than  phosphoric,  appears  only  to  occur 
to  a  very  subordinate  extent  and  has  therefore  a  correspondingly  small  effect 
on  the  reaction  of  the  medium. 

(«)  Diminution  in  the  amount  of  acids  soluble  in  ether. — A  characteristic  feature 
of  the  action  of  B.  Tuberculosis  on  beef  broth  is  the  great  change  which  is 
produced  in  the  amount  of  acids  soluble  in  ether.  In  all  the  18  samples  which 
have  been  examined  from  this  point  of  view  a  large  decrease  in  these  acids  has  been 
observed.  The  results  are  embodied  in  the  accompanying  table  XIII,  in  which  the 
ether-soluble  acids  are  expressed  in  ccs.  of  N/10  acid  per  400  cc.  of  medium. 


Table 

XIIL 

Virus. 

Number. 

Age  in 

Ether-Soluble  Acids. 

Decrease  "/^ 

Days. 

Original  in 
Medium. 

Final. 

Decrease. 

of  Original. 

B  IV   

71 

199 

95-1 

38 -0 

57-1 

60-0 

B  IX   

96 

80 

114 

25-5 

88-5 

77-6 

B  X    1 

92 
93 
*126 

90 
134 
130 

114 
114 
114 

19-7 
30-8 
41-0 

94-3 
83-2 
73-0 

82-7 
73-0 
64-0 

P  II    1 

101 

98 

99 
134 

114 
114 

7-2 
14-4 

106 -S 
99  •  6 

93-7 
87-4 

P  XIV.    "  O.M."  ... 

i 

\ 

104 
106 

78 
1,55 

114 
114 

19-4 
33-2 

94-6 
80-8 

83-0 
70-9 

p  XIV    1 

107 
109 

79 
155 

114 
114 

21-7 
34-2 

92-3 
79-8 

81-0 
70-0 

H  74    1 

117 
116 

ni8 

26 
111 

80 

110-1 
110-1 
110  1 

64-3 
33-5 
23-3 

45-8 
76-6 
86-8 

41-6 
69-6 
78-8 

H  90    j 

119 
120 

27 
62 

110-1 
110-1 

46-8 
36-0 

63-3 
74-1 

.37 -5 
67-3 

H  31    j 

1 

64 

■■'76 

142 
145 

95-1 
95-1 

41-9 

53-8 

53-2 
41-3 

.55-9 
43-4 

-  In  experiments  126,  118  and  76  air  was  repeatedly  passed  over  the  surface  of  the  culture 
during  incubation. 
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The  decrease  occurs  in  every  case  and  varies  in  amount  from  43  per  cent,  to  94 
per  cent,  of  the  ether-soluble  acids  in  the  original  medium.  The  action  commences 
at  an  early  stage  in  the  growth  of  the  organism  and  continues  for  a  considerable 
time  ;  thus  with  Virus  H  74  (Experiments  117,  116),  a  decrease  of  45;8  cc.  (41*6  per 
cent.)  occurred  in  26  days,  during  which  O'So  gram,  of  bacillus  was  produced,  whilst 
in  11]  days  it  amounted  to  76*6  cc.  (69'6  per  cent.),  I'oS  grams  of  bacillus  being 
produced.  After  a  certain  duration  of  incubation  the  amount  present  appears  to 
remain  stationary  or  even  to  increase  slightly  (Experiments  104,  106;  107, 109),  but 
further  observations  would  be  required  to  establish  the  fact  of  such  an  increase. 
TJiis  marked  diminution  in  the  amount  of  the  ether-soluble  acids  must  he  regarded 
as  one  of  the  chief  factors  in  the  initial  decrease  in  acidity  of  the  medium,  lohich 
occurs  when  tubercle  bacilli  of  any  origin  are  grown  upon  it. 

j^othing  has  been  ascertained  as  to  the  nature  of  the  reaction  by  which  these 
acids  are  changed.  It  is  to  be  noted,  however,  that  a  free  supply  of  air  (Experi- 
ments 76,  118,  126)  does  not  appear  to  produce  any  increased  effect. 

{b)  Assimilation  of  phosphoric  acid. — A  large  amount  of  phosphorus  enters 
into  the  composition  of  the  tubercle  bacillus,  in  the  form  of  organic  complexes, 
such  as  lecitliides,  nucleic  acid,  etc.,  and  as  a  result  of  this  the  well-washed  bacillus 
leaves  an  ash  containing  a  high  percentage  of  phosphoric  pentoxide.  The  with- 
drawal of  this  oxide  from  the  medium,  in  which  it  is  almost  entirely  present  in  the 
form  of  mineral  phosphate,  must  lead  to  an  increase  in  the  alkalinity  (or  decrease  in 
the  acidity)  of  the  medium.  The  extent  of  this  change  is,  however,  only  slight, 
as  will  be  seen  from  the  following  numbers,  obtained  by  estimating  the  percentage  of 
phosphoric  pentoxide  in  the  washed  and  dried  bacilli,  and  thus  finding  the  amount 
withdrawn  from  the  medium  by  the  total  weight  of  growth  obtained.  The  removal 
of  O'l  gram  of  PoOg,  present  as  neutral  phosphate,  diminishes  the  acidity  by  28  cc. 
N/10  acid.  As  the  maximum  weight  of  growth  obtained  in  any  experiment  was 
2*4  gram.,  it  will  be  seen  that  the  maximum  diminution  due  to  this  cause  is  not 
likely  to  exceed  14  or  15  cc.  N/10  acid  per  400  cc.  of  medium. 


Table  XIV. 


Number. 

Virus. 

Weight  of 
Growth. 

PercRutage 
of  P^O... 

Total  Weight 
of  P^Oi. 

Consequent  Fall  in 
Total  Aciditj'. 

92 

B  X 

1-29 

2-60 

0-034 

9-5 

70 

B  IV 

0-77 

2-16 

0-017 

4-7 

96 

B  IX 

0-61 

2-34 

0-014 

4-0 

64 

H  31 

2-0 

2-34 

0-047 

13-2 

■ 

The  percentage  of  phosphoric  pentoxide  in  the  dried  washed  bacillus,  which  is 
dealt  with  in  the  second  part  of  this  report  (p.  30),  varies  from  about  1*2 -2-6  and 
hence  the  change  of  acidity  due  to  this  cause  cannot  be  calculated  accurately  from  the 
weight  of  growth  obtained  but  must  be  ascertained  by  a  special  analysis  of  each  crop 
of  bacilli.  The  amount  of  phosphoric  pentoxide  removed  from  400  cc.  of  the  medium 
is  so  small  that  it  cannot  be  accurately  estimated  by  the  examination  of  a  small 
sample  of  the  liquid  and  hence  this  estimation  has  not  been  made.  The  total  amount 
of  phosphoric  pentoxide  present  in  the  media  employed  varied  from  0'1236-0*4.o62  g. 
per  400  cc.  Since  the  composition  of  the  ash  of  the  bacillus  (de  Schweinitz  and 
Dorset}  shows  that  basic  oxides  are  present  in  the  proportion  of  2  RO  :  P2O5,  which 
is  also  the  proportion  in  which  they  form  a  neutral  phosjihate,  it  follows  that  the 
combined  effect  of  the  withdrawal  of  phosphoric  oxide  and  of  basic  oxides,  is  to  leave 
the  acidity  of  the  medium  undisturbed.  This  condition  however  is  not  quite 
constant  as  the  composition  of  the  ash  varies  to  some  extent. 

Ill  and  IV.  Production  and  removal  of  alkali. 

The  production  and  assimilation  of  ammonia  has  already  been  fully  discussed 
under  the  heading  of  protein  decomposition  (p.  16).  Other  basic  products  of 
hydrolysis  are  doubtless  formed,  which  have  an  influence  on  the  reaction  of  the 
medium.  These  would  be  for  the  most  part  contained  in  the  fraction  non- 
precipitable  by  tannic  acid  but  precipitable  by  phospho-tungstic  acid.  As  the  basicity 
of  this  fraction  after  subtraction  of  ammonium  salts,  would  be  very  variable  no 
attempt  has  been  made  to  bring  the  luiuibers  expressing  its  amount  into  relation 
with  the  reaction  of 'the  medium,  a  further  reason  beiiig  that  they  would  be  highly 
inaccurate  owing  to  the  accumulation  of  the  experimental  error  involved  in  the 
method  of  calculation. 
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As  regards  the  inorganic  bases,  it  has  just  been  pointed  out  that  tJie.se  are 
present  in  the  ash  of  the  baciHas  in  ap[)roxiinately  the  ratio  to  phosphoric  pentr 
oxide  required  to  form  a  neutral  phosphate,  and  are  therefore  absorbed  from  the 
sohition  in  the  same  ratio,  so  that  it  may  be  taken  as  a  first  approximation  that  tlie 
assimilation  of  phosphoric  pentoxide  and  inorganic  bases  leaves  the  reaction  of  the 
medium  undisturbed. 

Calculation  of  .Residual  Change  in  the  Acidity  of  the  Medium. 
(a)  Influence  of  change  in  the  amount  of  free  and  saline  ammonia  on  the  reaction 
of  the  medium. — Ft  is  obvious  that  considered  by  itself  the  production  of  ammonia 
decreases  the  acidity  or  increases  the  alkalinity  of  the  medium,  whilst  its  removal  by 
assimilation  has  the  opposite  effect.  It  follows  that  in  order  to  ascertain  the  amount 
of  acid  produced  from  observations  on  the  final  acidity  and  on  the  cliange  in  the 
amount  of  ammonia,  it  is  necessary  to  take  the  algebraic  sum  of  the  change  in  acidity, 
and  the  change  in  ammonia,  production  of  acid  and  of  ammonia  being  both  reckoned 
positive,  and  diminution  negative.  Thus  if  the  acidity  is  found  diminished  by  38,  and 
the  ammonia  increased  by  exactly  the  same  amount  it  is  obvious  that  the  acid  de- 
stroyed is  —  38  +  38  =  U,  the  production  of  ammonia  having  caused  the  fall  in  acidity. 
In  the  same  way  if  the  acidity  were  to  increase  by  38  and  the  ammonia  also  to  increase 
by  the  same  amount,  the  production  of  acid  would  be  38  +  38  =  76,  enough 
acid  having  been  produced  to  neutralise  the  38  of  ammonia  and  in  addition  to  increase 
the  acidity  by  38.  Finally,  if  the  ammonia  increased  by  38  and  the  acidity 
remained  unaltered,  the  production  of  acid  would  be  38.  Such  a  case  might  arise 
by  the  conversion  of  a  neutral  aminoacid  into  its  neutral  ammonium  salt,  as 
explained  on  |).  22. 

(/>)  The  influence  of  the  removal  of  acids  soluble  in  ether  may  be  allowed  for  in  a 
similar  manner.  The  removal  of  these  acids  malces  the  solution  less  acid,  or  more 
basic,  and  hence,  in  order  to  ascertain  the  residual  amount  of  change  in  the  acidity  of 
the  liquid  after  allowing  for  this  it  is  necessary  to  subtract  this  number  from  the 
observed  acidity  algebraically,  loss  of  acid  being  reckoned  negative.  Thus  if  the 
change  in  acidity  is  +  50  and  the  change  in  ether-soluble  acids  is  -  30  it  is  obvious 
that  there  has  been  a  production  of  acid  of  50  —  (  —  30)  =  50  +  30  =  80, 
sufficient  acid  having  been  produced  to  cover  the  loss  of  the  30  of  ether-sokible 
acids  and  also  to  increase  the  final  acidity  by  50. 

The  number  finally  obtained,  after  allowing  in  this  manner  for  the  changes  in  the 
ammonia  and  ether-soluble  acids,  may  be  termed  the  residual  change  in  aciditg.  If 
these  were  the  only  two  changes  which  occurred  it  Avould  be  zero.  Actually  there  is 
usually,  but  not  invariably,  a  decided  residual  production  of  acid.  Unfortunately 
the  number  thus  obtained  is  not  of  a  high  order  of  accuracy,  as  it  contains  the 
accumulated  errors  of  experiment  of  three  sets  of  differences.  It  represents  the 
resultant  of  the  production  and  destruction  of  acid  and  alkali  by  all  processes 
other  than  change  in  ammonia  and  etlier-soluble  acids.  The  chief  factor  in  its 
composition  is  probably  the  increase  in  acidity  due  to  digestion  of  the  proteins, 
but  production  of  acid  from  glycerol,  etc.,  and  changes  in  acidity  due  to  change  in  the 
acids  not  soluble  in  ether,  and  to  production  of  bases  other  than  ammonia  may  also 
be  represented.  How  far  each  of  these  contributes  to  the  result  can  only  be 
ascertained  by  further  experiments. 

In  the  following  table  are  given  the  change  in  acidity,  the  change  in  ammonia, 
the  nett  acidity  resulting  from  the  algebraic  addition  of  these  two,  the  change  in 
ether-soluble  acids,  and  the  residual  acidity  after  subtracting  this  algebraically  from 
the  nett  acidity. 

Table  XV^. 


Change  in  acidity  as  affected  by  change  in  ammonia  and  in  acids  soluble  in  ether. 


Number. 
L 

Virus. 
2. 

Age. 
3. 

Change 
in  Acidity 

4. 

Change 
in  Auimoaia 
I. 

0. 

Nett  Change 
in  Acidity 
a+1). 

fi. 

Change  in 
Etiier  Soluble 
Acids 

7. 

Residual 
Production  of 
Acid 
a+h-c. 
8. 

12 
14 

B  I 

38 
99 

-  2-4 
-38-5 

+  2S-9 
+  30 

+  26-5 
-  8-5 

74 

B  II 

142 

-r)l-4 

+  41-9 

-  9-5 

10 
11 

B  IV 

34 
99 
149 

-  9-2 
-29-9 
-28-3 

-  3-7 
+  33-9 
+  42-2 

-  12-9 
+  4-0 
+  13-9 

27676  L> 
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Tablp:  XV — continued. 


Number. 
1. 

Virus. 
2. 

Age. 
3. 

Change  in 
Acidity 
a. 

4. 

Change  in 
Ammonia 
}>. 

5. 

Nett  Change 
in  Acidity 
a+h. 

fi. 

Change  in 
Ether  Soluble 
Acids 
c. 
7. 

Residual 
Production  ol 
Acidity 
a+J  -c. 
8. 

70 
71 

B  IV 

133 
179 

-35-1 
+  91-3 

+  51 
-12-4 

+  15-9 
+  78-9 

-  57-1 

+  136 

95 
96 

B  IX 

54 
SO 

-60-8 
— 51-2 

-  6-4 

  Q.F. 

  *7  O 

-  67-2 

—  60-7 

*126 

B  X 

130 

-54-4 

+  32-9 

-  21-5 

-  73 

+  .51-5 

92 
93 
90 

B  X 

96 
134 
210 

-56-8 
-56-4 
-70-4 

-  1-1 
+  18-8 
+  16-7 

-  .57-9 

-  37-6 

-  53-7 

-  94-3 

-  83-2 

+  36-6 
+  45-6 

104 
105 
106 

P  XIV. 
"  O.M."* 

78 
124 
155 

—  72 

-73-6 

-70-4 

+  7-5 
+  13-4 

-  58-4 

-  66-1 

-  .57-0 

—  94-6 

-  80-8 

+  36-2 
+  23-8 

107 
108 
109 

P  XIV 

79 
124 
155 

-48 

-51-2 

-72 

+  1-2 
+  15-1 
+  11-8 

-  46-8 

-  36-1 

-  60-2 

—  92-3 

-  79-8 

+  45-5 
+  19-6 

101 

98 
100 

P  II 

99 
134 
222 

-.55-2 

-72 

-63-2 

-29-1 

-28 

-11-9 

-  84-3 
-]00 

-  75-1 

-106-8 
—  99-6 

+  22-5 
—  0-4 

22 
20 
21 

H  12 

35 
129 
198 

+  9-7 
-35-9 
+  16-3 

-  5-7 
-35-2 
-23 

+  4-0 

-  71-1 

—  6-7 

— 

— 

25 
24 

H  27 

35 
129 

-25-1 
+  3-7 

-10-4 
-35-6 

-  35-5 

-  31-9 

— 

66 

H  49- 

188 

-JO-2 

+  8-7 

-  31-5 

53 
52 

H  49 

105 
240 

-64-6 
—  29-4 

-30 
-  1 

-  94-6 

-  30-4 

— 

— 

44 
43 
42 

H  74 

114 
200 
269 

-.^7-8 
+  79-8 
-  3-4 

-45-9 
-21 
+  46 

-103-7 
+  58-8 
+  42-6  - 

117 

116 

XI.      f  A 

111 

-18-4  -15-1 

-63-2    1  -22-1 

1 

—  33-5 

-  85-3 

—  45-8 

-  76-6 

—  8-7 

*118 

H  74 

80 

-21-4 

-  0-97 

-  22-4 

-  86-8 

+  64-4 

■ 

57 
56 

H  75 

105 
240 

-17 
-50-2 

-19-7 
+  2-4 

-  36-7 

-  47-8 

87 

88 
89 

H  2 

114 
166 
232 

+  12-4 
+  7 
+  12-6 

-29-9 
-  9-2 
+  13-5 

-  17-5 

-  2-2 
+  26-1 

— 

— 

85 
84 
83 

H  19 

93 
178 
254 

+  23-8 
-13-4 
-  1-8 

+  19-3 
+  18-6 
+  37-5 

+  43-1 
+  5-2 
+  35-7 

— 

— 

64 

H  31 

142  . 

-35-5 

-  9-3 

-  44-8 

-  53-2 

+  8-4 

*76 

H  31 

145 

-  4-7 

-  5-8 

-  10-5 

-  41-3 

+  30-8 

60 

H  31 

116 

-14-6 

-14-5 

-  29-1 

119 
120 

H  90 

27 

62 

-43-2 
-29-2 

-  4-8 
-24-9 

-  48-0 

-  64-1 

-  63-3 

-  74-1 

+  15-3 
+  10 
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IV. — Consumption  of  Glycerol. 

In  the  following  table  (XVI)  the  total  weight  of  glycerol  in  the  medium 
(Col.  5),  the.  total  weight  of  glycerol  used  (Col.  6),  the  amount  used  per  gram,  of  culture 
obtained  (Col.  7),  and  the  amount  used  per  gram,  of  culture  per  day  of  incubation 
(Col.  8),  are  given  along  with  the  age  of  the  culture^  (Col.  3),  the  weight  obtained 
(Col.  4),  the  change  in  acidity  (Cul.  9),  the  nett  change  in  acidity  after  allowing  for 
the  change  in  free  ammonia  (Col.  10),  and  the  residual  acidity  after  allowing  tor 
the  changes  in  both  ammonia  and  ether-soluble  acids  (Col.  11). 

The  results  are  very  irregular  and  appear  to  depend  in  large  measure  on  the 
individual  characteristics  of  the  various  growths.  It  is,  however,  noticeable  that 
in  the  case  of  young  cultures  (less  than  42  days),  the  total  glycerol  used  and  the 
weight  used  per  gram,  of  bacillus  obtained  are  both  usually  extremely  lo^\^  (Experi- 
ments 22.  H  12  ;  25.  H  27  ;  117.  H  74  ;  11 9.  H  90  ;  and  9.  B  IV),  there  being 
only  one  exception  to  this  rule  (Experiment  12.  B  I).  This  appears  to  indicate  that 
the  glycerol  is  not  extensively  employed  in  the  building  up  of  the  cell  material  of  the 
bacillus,  bat  is  attacked  after  the  actual  growth  of  the  cell  has  occurred. 

No  connection  can  be  traced  between  the  amount  of  glycerol  used  and  the 
change  in  total  acidity  (Col.  8),  and  none  is  made  evident  by  allowing  for  the 
production  or  disappearance  of  ammonia  (Col.  9)  and  for  the  disappearance  of 
acids  Soluble  in  ether  (Col.  10). 

Table  XVI. 


Relation  of  consumption  of  glycerol  to  weight  of  bacillus  obtained  and 
change  in  acidity. 


No. 
I. 

Virus. 
2 

Age. 
3. 

Weight. 
4. 

Glycerol 
in 

Medium. 
.5. 

Glycerol 
Used. 

6. 

Glycerol 

per 
Gram  of 
Culture. 
7. 

Glycerol 

per 
Gram  per 
Day. 
8. 

Change  in 
Acidity. 

9. 

Nett 
Change 
in 

Acidity. 
10. 

Residual 
Change 
in 

Acidity. 
11 

12 
14 

B  I 

38 
99 

0-  45 

1-  05 

7-6 
7-6 

1-89 
5-2 

4-2 
4-9 

0-110 
0-050 

-  2-4 
-38-5 

+  26-5 
—  8-5 

74 

B  II 

142 

0-839 

7-, 55 

3-5 

4-2 

0-029 

-51-4 

-  9-5 

9 

10 
11 

B  IV 

34 
99 
149 

0-845 

0-69 

0-59 

7-6 
7-6 
7-6 

0-05 
2-20 
2-26 

0-06 

3-2 

3-8 

0-002 
0-032 
0-026 

-  9-2 
—29-9 
-28-3 

-12-9 
+  4 
+  13-9 

70 
71 

B  IV 

133 
179 

0-  77 

1-  67 

20-36 
20-36 

1-86 
8-86 

2-4 
5-3 

0-018 
0-029 

-35-1 
+  91-3 

+ 15  •  9 
+  78-9 

+  136 

95 
96 

B  IX 

54 
80 

0-73 
0-61 

7-98 
7-98 

1  - 13 
0-99 

1-5 
1-6 

0-029 
0-020 

-60-8 
-51-2 

-67-2 
-60-7 

+  27-8 

*126 

B  X 

130 

0-68 

7-98 

1-11 

1-6 

0-012 

'  -54-4 

-21-5 

92 
93 
90 

B  X 

96 
134 
210 

1-29 

1-  25 

2-  09 

7-98 
7-98 
7-98 

2-  31 

3-  71 
7-65 

1-8 
3-0 
3-7 

0-019 
0-022 
0-017 

-56-8 
-56-4 
-70-4 

-57-9 
-37-6 
-.53-7 

+  36-6 
+  45-6 

104 
105 
106 

P  XIV. 
"  O.M." 

78 
124 
155 

1-43 
1-47 
1-56 

7-98 
7-98 
7-98 

3-2 

5-17 

5-72 

2-  2 

3-  5 
3-7 

0-029 
0-028 
0-024 

-72 

-73-6 

-70-4 

-58-4 
-66-1 
-57-0 

+  36-2 
+  23-8 

107 
108 
109 

P  XIV 

79 
124 
155 

1-30 
1-20 
1-22 

7-98 
7-98 
7  -  98 

4-  59 

5-  31 
5-44 

4-09 
7-63 
7-42 

3-  5 

4-  4 
4-5 

0-045 
0-036 
0-029 

-48 

-51-2 

-72 

-46-8 
-36-1 
-60-2 

+  45-5 
+  19-6 

101 
9.S 
100 

P  II 

99 
134 

222 

0-  7 

1-  4 
0-88 

7-98 
7-98 
7-98 

5-8 
5-4 
8-4 

0-059 
0-041 
0-038 

-55-2 

-72 

-63-2 

-84-3 

-100 

-75-1 

+  22-5 
-0-4 

22 
20 
21 

H  12 

3)5 
129 
198 

0-  23 

1-  68 
1-.59 

7-2 
7-2 
7-2 

0-18 
5  •  62 
6-76 

0-8 

3-  3 

4-  2 

0-022 
0-026 
0-021 

+  9-7 
-35-9 
+  16-3 

+  4-0 
-71-1 
-  6-7 

*  In  experiment  126,  air  was  repeatedlj'  passed  over  the  surface  of  the  culture  during 
incSabation. 
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Table  XV  [ — continued. 


No. 
1. 

Virus. 
2. 

Age. 
3. 

Weiglit. 
4. 

Glycerol 
in 

Bledium. 
.5. 

Glycerol 
Used. 

fi. 

Glycerol 

per 
Gram  of 
ouiijuie. 

7. 

Glycerol 

per 
Gram  per 

uay. 
8. 

Change  in 
Acidity. 

9. 

Nett 
Change 
in 

Acidity. 
10. 

Residual 
Change 

in 
Acidity. 

11. 

35 
24 

H  27 

35 
130 

0-42 
1  •  66 

7-9 

7-2 

0-13 
5  •  96 

0-3 
3-6 

0-009 
0-028 

—  '^5-1 

+  ~3-7 

—35-5 
-31-9 

66 

H  49 

188 

1-59 

7-55 

7-41 

4-7 

0-025 

-40-2 

-31-5 

53 
52 

H  49 

105 

240 

9-9 

1-47 

8-3 
8-3 

5-2 
7  ■  99 

2-4 
5-4 

0-0235 
0-0336 

-64-6 
-29-4 

-94-6 
-30-4 

44 
43 
42 

H  74 

114 
200 
269 

2-4 
1  ■  1 
1-57 

7-55 

1 ' 

7-55 

5-3 
5-97 
7  ^ 

2-2 
5-4 
4-5 

0-019 
0  ■  037 
0-016 

-57-8 
4-79-8 
-  3-4 

-103-7 
+  58-8 
+  43-6 

117 
116 

H  74 

26 
111 

0-  35 

1-  55 

7-38 
7-38 

0  -  01 

5-96 

0-03 
3-8 

0-001 
0-035 

—  18-4 
-63-2 

—33-5 
-85-3 

+  13-3 
-  8-7 

*118 

H  74 

80 

0-68 

7-38 

1-3 

1-9 

0-034 

-21-4 

-33-4 

+  64-4 

56 

H  75 

240 

1-29 

8-3 

8-13 

6-3 

0-036 

-50-3 

-47-8 

87 
88 
89 

H  2 

114 
166 
232 

1-  81 

2-  18 

2-9 

J2-4 
12-4 
12-4 

8-21 
0-32 
11-64 

4-5 

4-  3 

5-  3 

0  •  040 
0-026 
0  -  023 

+  12-4 
+  7 
+  12-6 

—  17-5 

 2-2 

+  36-1 

85 
84 
83 

H  19 

03 
178 
254 

1-  18 

2-  07 
1-44 

12-4 
12-4 
12-4 

4  -  83 
8-56 
10-37 

4-1 
4-1 
7-2 

0  -  044 
0-023 
0-028 

+  23-8 
-13-4 
-  1-8 

+  43-1 
+  5-3 
+  35-7 

64 

H  31 

142 

20-36 

7  -  06 

3-5 

0-025 

-35-5 

—  44-8 

+  8-4 

*76 

H  31 

145 

1-57 

20-36 

7-38 
7-38 

8-48 

5-4 

0-037 

-  4-7 

-10-5 

+  30-8 

119 
120 

H  90 

27 
62 

0-  64 

1-  04 

0-35 
2-95 

0-55 
2-8 

0-02 
0-046 

-43-2 
-39-2 

-48-0 
-64-1 

+  15-3 
+  10 

*  In  experiments  76,  118,  air  was  repeatedly  passed  over  the  surface  of  the  culture  during 
incubation. 


Relation  of  glycerol  consumed  to  carbon  dioxide  produced. — Three  experiments 
were  carried  out  in  which  moist  sterile  air,  freed  from  carbon  dioxide,  was 
repeatedly  passed  over  the  culture  during  incubation  and  the  carbon  dioxide 
which  was  produced  absorbed  in  caustic  potash  and  estimated-. 

The  following  are  the  results  obtained. 


Table  XVII. 


Number. 

strain. 

Age  of 
Culture. 

Weight 
of 

Bacillus. 

Original' 
Glycerol  iu 
Medium. 

Glycerol 
Used. 

CO, 
formed. 

Glycerol 
Equivalent 
to  C0.>. 

Glycerol 
not 
Accounted 
for. 

Percentage 
of  Glycerol 
used 
Oxidised. 

76 

H  31 

145 

1-57 

30-4 

8-5 

6-6 

4-6 

3-9 

54-1 

118 

H  74 

80 

0-68 

7-38 

1-3 

0-68 

0-47 

0-83 

36-1 

136 

B  X 

130 

0-68 

7-98 

1-11 

0-73 

0-49 

0-63 

44-1 

In  every  case  the  total  carbon  dioxide  is  considerably  less  than  that  which 
would  be  produced  by  :  the  complete  oxidation  of  the  glycerol  used.  Even  if 
the  whole  production  of  carbon  dioxide  be  ascribed  to  the  oxidation  of  glycerol, 
an  assumption  for  which  there  is  no  adequate  ground,  the  result  attained  is  that 
from  36  to  54  per  cent,  of  the  carbon  of  the  glycerol  used  is  converted  into 
carbon  dioxide.  In  view  of  the  fact  that  there  are  other  sources  of  carbon 
abundantly  present,  these  numbers  must  be  regarded  as  showing  the  maximum 
amounts  of  the  glycerol  used  which  can  have  been  completely  oxidised.  No 
attempt  has  yet  been  made  to  ascertain  what  becomes  of  the  glycerol  Avhicb 
disappears  without  being  oxidised.     In  experiment  76,  the  amount  of  glycerol 
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still  to  be  accounted  for  is  3*9  grammes,  containing  1*52  grammes  ot"  carbon, 
and  this  is  more  than  can  have  been  assimilated  in  the  production  of  1*57  grammes 
of  bacillus.  In  the  otlier  two  experiments  the  residual  amounts  of  glycerol 
(0'83  g.  and  0'ii2  g.)  are  so  small  that  they  might  possibly  be  accounted  for  in  this 
way. 

SUMMARY  AND  CONCLUSIONS. 

1.  No  definite  physiological  difference  has  been  detected  between  tubercle  bacilli 
of  different  origins. 

2.  Such  differences  as  exist  between  the  amounts  of  action  exerted  on  glycerol 
beef  broth  by  different  cultures  are  probably  to  be  attributed  to  differences  between 
the  weights  of  organism  formed,  the  times  of  incubation  and  individual  characteristics 
of  the  strains. 

3.  When  B.  Tuberculosus  is  cultivated  on  glycerol  broth,  the  proteins  of  the 
broth  undergo  hydrolysis  to  a  considerable  extent. 

4.  Glycerol  is  partially  removed  by  oxidation.  There  is  no  evidence  that 
consumption  of  glycerol  is  directly  related  either  to  weight  of  culture  obtained  or  to 
change  in  acidity. 

5.  The  initial  fall  in  the  acidity  of  the  medium  is  largely  due  to  the  removal  of 
the  acids  soluble  in  ether  (lactic  acid,  etc.). 

6.  Further  important  factors  in  producing  change  in  acidity  are  the  production 
and  removal  of  ammonia  (free  and  saline)  and  the  digestion  of  the  proteins. 
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PART  II. 


THE  RELATIVE  AMOUNTS  OF  ASH  K^D  PHOSPHORIC  OXIDE  IN 
TUBERCLE  BACILLI  OF  DIFFERENT  ORIGINS. 

This  investioation  was  undertaken  with  the  object  of  ascertaining  whether 
tubercle  bacilli  of  dilFerent  origins  and  characteristics  showed  any  definite  and 
constant  differences  between  the  proportions  of  phosphoric  oxide  and  mineral  ash 
respectively  which  they  contained.  De  Schweinitz  and  Dorset  (.1)  found  as  the 
result  of  a  smiilar  comparison,  in  which  one  culture  of  each  of  six  viruses  was 
analysed,  that  bacilli  of  human  origin  (both  attenuated  and  virulent)  yielded  an  ash 
containing  a  larger  proportion  of  phosphoric  oxide  than  those  derived  from  bovines, 
swine,  horses,  and  fowls.  These  results  are  quoted  in  detail  on  p.  33,  and  it  was 
to  ascertain  whether  the  organisms  obtained  by  the  Royal  Commissioners  exhibited 
similar  differences  that  the  following  analyses  were  made. 

L  Preparation  of  the  medium. — The  medium  consisted  of  ordinary  glycerol 
peptone  veal  broth  to  which  0'5  gram  of  potassium  dihydrogen  phosphate  was 
added  per  100  cc.  in  place  of  0"5  gram  of  common  salt,  in  accordance  with  the 
recommendation  of  De  Schweinitz  and  Dorset  (1).  The  broth  was  prepared  in  the 
manner  previously  described,  hut  it  was  found  that  the  addition  of  the  phosphate 
caused  . a  deposit  to  be  formed  when  the  clear  liquid  was  brought  to  a  reaction  +15 
and  sterilised.  This  precipitate  was  removed  by  filtration  but  a  fresh  deposit  was 
formed  during  sterilisation  and  it  was  found  necessary  to  repeat  these  processes  of 
filtration  and  sterilisation  about  six  times  before  a  medium  was  obtained  which 
yielded  a  clear  liquid  after  sterilisation  and  cooling.  The  acidity  was  then  found  to 
be  +48,  and  although  this  was>  somewhat  high,  the  medium  was  employed  without 
furtlier  treatment  as  it  was  found  that  the  addition  of  alkali  caused  renewed 
precipitation. 

The  liquid  as  actually  employed  was  found  to  contain,  according  to  two  analyses 
(a)  0"o666,  (b)  0*3716  grams  of  phosphoric  oxide  per  100  cc.  It  may  be  noted  for 
comparison  that  four  samples  of  non-phosphated  broths,  which  were  examined, 
contained  the  following  amounts  of  phosphoric  oxide  per  100  cc. 

Medium    9  0*1198  grams. 

Medium  11  0'0722  grams. 

Medium  12  0'1138  grams. 

2.  Method  of  cidtivntion. — The  broth  was  placed  in  quantities  of  125  cc.  in 
Erlenmeyer  flasks  of  900  cc.  capacity,  so  that  it  formed  a  layer  about  1  cm.  deep. 
It  was  inoculated  in  the  usual  way  and  the  mouths  of  the  flasks  were  plugged  with 
cotton  wool,  over  which  was  placed  a  sheet  of  sterilized  tin-foil  to  prevent  evapora- 
tion. Four  of  the  strains  were  grown  at  Stansted  under  the  care  of  Drs.  S.  and  H. 
E.  Griffith,  to  whom  my  thanks  are  due  for  their  kindness  in  undertaking  this  part  of 
the  work,  whilst  the  remaining  five  Strains  were  grown  at  the  Lister  Institute.  Eight 
flasks  of  each  of  the  virulent  strains  and  six  of  each  of  the  non-virulent  strains 
were  inoculated.  When  no  growth  occurred  supplementary  flasks  were  inoculated 
at  a  later  date,  but  these  did  not  in  all  cases  produce  growths.  No  attempt  was 
made  to  obtain  growths  of  precisely  equal  age,  as  the  uncertainty  of  the  times  of 
commencement  and  cessation  of  growth  was  too  great  to  permit  of  this  being  done 
with  any  accuracy. 

3.  Details  of  the  cidtures  employed  : — 


Cultures  Employed. 

Inoculatea. 

Kemoved. 

1.  Virus  B  II.    Heifer  66.    31st  Generation.  r2/12/07 

2.  Virus  B  X.    G.-P.  1070.    45tli  Generation.              3  Flaslcs 

f)  Flaslcs 

3.  Virus  P  LVIII.   -lath  Generation.                         ^  Flasks 

4  Flasks 

4.  Virus  H  88.    ^' E.L."    ]  7th  Generation   

11/3/08 
24/2/08 

1/4/08 
29/2/08 

1/4/08 
22/2/08 

8/5/08 
30/4/08 
30/4/08 
30/4/08 
30/4/08 
30/4/08 

HI 


Cultures  Employed. 

Inoculated. 

Removed. 

5. 

Virus  H  19.    "  S.W."    Goat  11.    24th  Generation 

24/2/OS 

30/4/C8 

6. 

Virus  H  68.      "  R.B."      Calf  1247. 

Prepectoral  gland 

14/3/08—27/3/08. 

2  Flasks 

7/4/OS 

2/7/08 

3  Flasks 

11/5/08 

2/7/08 

7. 

Virus  H   98.    "  B.R."        G.-P.  2878. 

Pyloric  gland 

14/3/08—27/3/08. 

2  Flasks 

20/4/08 

2/7/08 

2  Flasks 

11/5/08 

27/08 

8. 

Virus   A   VIII.      Fowl   B.    Zoo  XI. 

Sth  Generation. 

March  4. 

4  Flasks 

20/4/08 

6/7/08 

4  Flasks 

11/5,08 

6/7/08 

9. 

Virus  A  X.    11th  Generation.    March  4 

4  Flasks 

20/4/08 

6/7/08 

2  Flasks 

11/5/08 

1 

6/7/08 

4.  Treatment  of  the  cultures  preparatori/  to  ai/ali/sis. — The  strains  of  human  and 
bovine  origin  were  filtered  through  Schleicher  and  SchuU's  No.  595  paper  in  the 
cold,  and  were  then  washed  with  cold  water  until  free  from  broth.  They  were  next 
placed  in  the  steam  steriliser  for  half  an  hour,  and  were  finally  washed  on  the  filter 
paper  with  boiling  water  until  the  filtrate  gave  no  reaction  for  chlorides  with  silver 
nitrate  or  for  phosphate  with  ammonium  molybdate. 

The  growth  was  then  removed,  while  still  moist,  from  the  filter  paper,  placed  in 
a  watch  glass  and  exposed  over  sulphuric  acid  in  a  vacuum  until  it  was  dry  enough 
to  be  powdered.  The  mass  was  then  ground  in  an  agate  mortar,  placed  in  a  weighed 
weighing  bottle,  and  again  exposed  over  sulphuric  acid  in  a  vacuum  until  no  further 
loss  of  weight  occurred,  this  final  exposure  lasting  several  mouths. 

The  two  strains  of  avian  origin  were  collected  and  freed  from  broth  by  being 
centrifugalised,  and  the  deposit  mixed  with  cold  water  and  again  centrifugalised. 
They  were  then  washed  into  a  flask,  sterilised,  and  treated  in  exactly  the  same  way 
as  the  others. 

5.  Analysis  of  the  dried  bacilli. — Owing  to  the  comparatively  small  weight  of 
the  organism  obtained  in  each  case,  it  was  necessary  to  limit  the  analysis  to  the  esti- 
mation of  the  ash  and  phosphoric  oxide.  The  dry  material  was  weighed  out  into  a 
weighed  platinum  basin  and  incinerated.  It  was  found  impossible  to  remove  the 
carbon,  which  formed  a  hard,  coke-like  mass,  at  any  lower  temperature  than  a  Ijright 
red  heat,  and  the  heating  was  continued  in  all  cases  until  constancy  of  weight  was 
obtained.  The  ash  was  then  treated  on  the  water-bath  in  the  platinum  basin  with 
0  cc.  of  concentrated  sulphuric  acid  and  two  successive  quantities  of  25  cc.  of 
strong  nitric  acid  to  render  solution  complete  and  at  the  same  time  to 
convert  any  metaphosphate  into  orthophosphate.  Water  was  then  added,  the 
liquid  filtered,  15  cc.  of  magnesium  citrate  mixture  added,  followed  by  excess  of 
ammonia,  and  the  whole  stirred  and  allowed  to  stand  over  night.  It  was  then 
filtered,  and  the  precipitate  washed  with  dilute  ammonia,  dried,  and  weighed  after 
ignition  as  magnesium  pyrophosphate  {Mg.^Po^i)-  This  method  of  igniting,  and 
estimating  the  phosphate  in  the  ash,  gave  results  identical  with  those  ol^tained  by 
treating  the  bacilli  directly  with  sulphuric  and  nitric  acids  (jSTeumann's  method) 
and  estimating  the  phosphoric  oxide  in  the  resulting  solution  by  means  of  magnesium 
citrate.  This  is  shown  by  analyses  carried  out  by  both  methods  of  the  growth 
obtained  from  Virus  B  X  and  from  another  growth  A,  not  included  in  the  present 
series. 


Per  cent,  of  P.-O^  in  Bacillus. 

B  X 

A 

(1)  By  analysis  of  a^-h   

1-33 

2-26 

(2)  By  direct  analysis 

1-36 

2-23 

6.  Results. — The  results  obtained  are  tabulated  below. 

Table  I. 


Strain. 

Amount  taken  for 
Analysis. 

o/o  of  Ash. 

o/o  of  PoOj  in  Ash. 

o/o  of  V,,0.  in 
Bacillus. 

Bovine,  of  Bovine  or  Porcine 

Origin. 

B  II   1 

(a)  0-9469 
(&)  0-8445 

3-44 
3-27 

68-9 
67-3 

2-37 
2-20 

B  X   j 

(«)  0-9819 
(6)  0-8207 

2-40 
By  direct 

55-4 
analysis. 

1-33 
1-36 

P  LVIII  

1-0524 

2-24 

54-8 

1-23 

Bovine,  of  Human  Origin. 

^88.   "E.L."  ... 
H  19.    "S.W."  ... 

1-3871 
1-0429 

2-37 
2-92 

65-3 
65-0 

1-55 
1-90 

Human. 


H68.    "R.B."  ... 

1-5733 

3-29 

64-1 

2-10 

H  98.    ''B.R."  ... 

1-0876 

3-02 

66-7 

2-01 

Avian. 

A  VIII   

1-2882 

3-47 

63-6 

2-21 

A  X   

0-6304 

3-17 

65-0 

2-06 

In  considering  these  numbers  it  must  be  borne  in  mind  that,  owing  to  the 
conditions  of  the  determmation,  the  limits  of  accuracy  are  from  O'l  to  0'2  in  the 
percentages  of  ash  and  phosphoric  oxide  in  the  bacillus,  and  about  twenty  times  this, 
2  to  4,  in  the  percentages  of  phosphoric  oxide  in  the  ash. 

•  1.  Percentage  of  ash. — The  percentages  of  ash  form  a  gradual  series  extending 
from  2-24  to  3"47.  Of  the  bovine  viruses,  two  (P  LVIII  and  B  X)  are  low, 
whilst  one  (B  II)  is  high.  Between  '  the  two  bovine  vii'uses  of  human  origin 
there  is  a  very  definite  difference  of  0*o5  per  cent.  The  two  human  viruses  have 
about  equal  percentages  of  ash,  and  the  same  is  true  approximately  of  the  two 
avian  viruses. 

When  the  strains  are  arranged  in  the  order  of  magnitude  of  the  percentage 
of  ash  it  is  found  that  two  of  the  bovine  viruses  and  one  of  the  bovine  viruses  of 
human  origin  form  a  group  having  the  lowest  percentage,  and  these  are  followed,  after 
a  marked  gap  in  the  series,  by  a  second  group  comprising  the  other  bovine  virus 
of  human  origin,  the  two  human  viruses  and  the  two  avian  viruses,  with  which 
is  associated  the  remaining  bovine  virus,  in  order  of  increasing  percentage  of  ash,  as 
shown  in  the  following  table  : — 

Table  II. 


Viruses  arranged  in  order  of  increasing  percentages  of  ash. 


Virus. 

Percentage  of  Ash. 

Virus. 

Percentage  of  Ash. 

p  Lvm   

H  88.  "E.L."  

B  X   

2-24 
2-37 

2-40  ! 

1 

H  98.  "B.R." 
A  X 

H  68.  "R.B." 

B  II   

A  VIII   

3-02 
317 
3-29 
3-35 
3-47 

H  19.  "S.W."  

2-92 

II.  Percentage  of  phosphoric  oxide  in  the  bacillus. — Yerj  similar  relations  are 
shown  by  these  numbers.  They  form  a  series  from  1*2.'^  to  2*28  per  cent,  and 
may  be  roughly  divided  into  the  same  two  groups  as  the  percentages  of  ash. 

Table  III. 


Viruses  arranged  in  order  of  increasing  percentages  of  phosphoric  oxide  in 
the  bacilli. 


Virus. 

Percentage  of  Phosphoric 
Oxide  in  Bacilli. 

Virus. 

Percentage  of  Phosphoric 
Oxide  in  Bacilli. 

P  LVIII  

1 

1-23 

A  X 

2-06 

B  X   

1-.34 

H  68.    "R.B."  ... 

2-10 

H  88.  "B.L."  

A  VIII   

9-91 

H  19.  "S.W."  

1-90 

B  II   

2-28 

H  98.    "  B.R."  

2-01 

III.  Percentage  of  phosphoric  oxide  in  the  ash. — These  numbers  also  fall  into 
two  chief  groups  : — 

(a)  Comprising  two  bovine  viruses  for  which  the  percentage  is  about  55  ; 

(h)  Com})rising  the  remaining  bovine  virus,  which  has  the  high  percentage 
68,  and  all  the  others,  the  percentages  ranging  from  64  to  67. 


Table  IV. 


Viruses  arranged  in  order  of  increasing  percentages  of  phosphoric  oxide  in 
the  ash. 


Virus. 

Percentage  of  Phosphoric 
Oxide  in  the  Ash. 

Virus. 

Percentage  of  Phosphoric 
Oxide  in  the  Ash. 

P  LVIII  

.54-8 

i  H 

19. 

"S.W."  ... 

65 

B  X   

.05-4 

i  H 

88. 

"E.L."  ... 

65-3 

A  VIII   

63-6 

H 

98. 

"B.R."  ... 

66-7 

H  68.  "R.B."  

64-1 

B 

II 

68-1 

A  X   

65 

It  Avill  be  seen  that  no  definite  distinction  between  viruses  of  different  origin 
can  be  established  on  these  numbers.  Thus  whilst  two  of  the  bovine  viruses  and 
one  of  the  bovine  viruses  of  human  origin  appear  to  agree  in  percentage  of  ash,  the 
percentage  of  phosphoric  oxide  in  the  ash  is  considerably  'higher  for  the  virus  of 
human  origin.  On  the  other  hand  the  second  bovine  virus  of  human  origin  must 
be  classed  along  with  the  human,  the  avian  and  the  third  bovine  virus  both  in 
percentage  of  ash  and  percentage  of  phosphoric  oxide  in  the  ash. 

7.  Comparison  with  previous  results. — The  only  series  of  comparative  estimations 
of  ash  and  phosphoric  oxide  in  tubercle  bacilli  of  different  origins  is  that  due  to 
de  Schweinitz  and  Dorset  (1),  which  served  as  the  model  of  the  foregoing  experi- 
ments. The  results  of  these  investigators  are  in  general  qualitative  agreement  with 
those  stated  above. 

Bacilli  of  six  different  origins  were  analysed  with  the  following  results  : — 

Table  V. 
De  Schweinitz  and  Dorset's  results. 


Origin. 

Moisture. 

Ash. 

Phosphoric 
Oxide  in  Dry 
Bacilli. 

Phosphoric 
Oxide  in  Ash. 

Bovine  ...   

2-43 

2-66 

1-56 

58-29 

Swine 

2-16 

2-34 

1-30 

55-74 

Horse 

2-34 

3-59 

2-04 

55-54 

Avian  ...   

2-40 

3-95 

2-20 

.55-81 

Human  (attenuated) 

2-62 

2-37 

1-75 

73  -  93 

Human  (virulent)   

3-80 

3-93 

2-44 

62-18 
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The  relations  between  the  human  attenuated  and  human  virulent  of  these  authors 
and  the  slightly  virulent  and  virulent  human  viruses  of  the  Royal  Commission  are 
not  quite  clear,  and  this  renders  any  strict  comparison  between  the  two  sets  of 
results  impossible.  It  is  however  to  be  noted  that  the  virus  with  the  highest 
percentage  of  phosphoric  oxide  in  the  ash  has  almost  the  lowest  percentage  of  ash 
and  a  comparatively  low  percentage  of  phosphoric  oxide  in  the  bacillus  itself.  The 
avian  bacillus  examined  by  de  Schweinitz  and  Dorset  yielded  an  ash  with  a 
considerably  lower  percentage  of  phosphoric  oxide  than  those  examined  by  me, 
whilst  the  ash  of  their  bovine  bacillus  agrees  approximately  in  composition  with 
those  of  two  of  the  bovine  viruses  examined  by  me,  but  differs  from  that  of  the 
third. 

The  fact  that  the  composition  of  the  ash  derived  from  viruses  of  bovine  origin 
may  differ  so  widely  indicates  the  necessity  for  the  examination  of  a  large  number  of 
viruses  before  any  conclusion  can  be  safely  drawn  on  this  point. 

It  must  also  be  remembered  that  many  other  factors  may  be  concerned  in  the 
question,  particularly  the  exact  composition  of  the  medium,  the  duration  of  growth, 
and  the  past  history  of  the  culture.  The  only  one  of  tliese  which  has  been 
investigated  is  the  first,  with  the  result  that  the  composition  of  the  bacillus  and  of 
its  ash  were  found  to  vary  very  widely  with  the  nature  of  the  medium  [de  Schweinitz 
and  Dorset  (2),  Levene  (1)]. 

Under  these  circumstances  and  having  regard  to  the  differences  between  the 
nature  of  the  results  obtained  by  de  Schweinitz  and  Dorset  and  myself,  it  appears 
to  be  impossible  definitely  to  characterise  tubercle  bacilli  of  different  origins  by  the 
amount  or  composition  of  the  ash  which  they  yield  or  by  the  amount  of  phosphoric 
oxide  contained  in  the  bacillus. 

Summary. 

It  appears  probable  from  a  consideration  of  all  the  material  available  that  the 
percentage  of  ash  and  of  phosphoric  oxide  in  the  tubercle  bacillus,  as  well  as  the 
composition  of  the  ash  depend  on  so  large  a  number  of  factors  that  until  a  careful 
investigation  of  all  these  has  been  made,  it  is  impossible  to  utilise  these  numbers  for 
the  characterisation  of  viruses  of  different  origins. 
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PREFACE. 


Six  volumes  of  Appendix  to  the  Final  Report  of  the  Royal  Commission  on 
Tuberculosis  have  already  been  ])ublished. 

These  volumes  which  record  in  detail  the  researches  on  which  the  Commission 
based  their  findings  were  issued  as  quickly  as  was  possible  after  the  presentation  of 
the  Final  Report.  A  small  and  final  volume  of  appendix  has  been  delayed  in 
circumstances  as  follows  : — - 

The  particular  investigations  graphically  illustrated  in  this  volume  have  been 
almost  entirely  of  the  kind  known  as  po.ssage  experiments.  Many  of  them  covered 
long  periods  of  time,  and  extension  of  some  of  rhem  might  profitably  have  been 
continued  after  the  indispensable  practical  work  ol'  the  Commission  at  Stansted  was 
brought  to  a  close.  Though  the  work  of  the  Commission  was  then  regarded  as 
complete,  so  far  as  it  related  to  the  actual  terms  of  reference,  it  was  realised  that 
certain  of  the  investigations  had  afforded  indication  of  problems  which,  though  outside 
the  scope  of  the  Commission's  reference,  deserved  to  form  the  subject  of  further 
research  in  the  interests  of  some  wider  aspects  of  the  tuberculosis  question. 

It  was  hoped  that  airangements  would  be  made  by  which  the  v>^ork  commenced 
by  the  Commission  Avould  be  continued  without  much  delay,  and  that  the  material 
and  equipment  collected  and  organised  in  the  coiu*se  of  its  labours  would  be  utilized 
by  competent  investigators.  Hence  the  issue  of  this  volume  was  purposely  delayed 
pending  continuance  under  due  authority  of  the  work  at  Bl3'thwood  Farm,  in  order 
that,  if  possible,  some  statement  might  be  made  in  it  as  to  the  class  of  experiments 
which  would  thus  have  been  further  extended. 

Unfortunately  no  such  arrangements  for  the  continuation  of  the  work  of  the 
Commission  materialised,  and  though  in  several  respects  lupus  research  has  been 
further  extended  it  is  not  proper  to  refer  here  to  the  additional  results  thus  obtained 
as  the  work  was  not  carried  out  at  Government  expense. 

The  delay  that  has  thus  arisen  in  the  issue  of  this  last  volume  of  the  Appendix 
to  the  Final  Report  of  the  Tuberculosis  Commission,  for  which  delay  the  Secretary 
would  have  himself  regarded  as  wholly  responsible,  is  not  important  from  the 
scientific  point  of  view.  No  facts  are  here  graphically  set  out  that  have  not,  as  facts, 
been  already  recorded  in  other  parts  of  Appendix  or  in  the  Final  Report  of  the 
Conmiission. 

The  contents  of  the  volume  itself  require  little  explanation.  The  method  of 
setting  out  the  results  of  passage  experiments  as  charts  was  devised  by  Dr.  Cobbett, 
and  was  ad(.)pted  by  the  Commission  in  the  Appendix  to  its  second  Interim  Report. 
This  method  was  subsequently  extended  so  as  to  depict  the  distribution  and  extent 
of  the  lesions  found  in  experimental  animals  after  death.  The  lesions  observed  in 
the  animal  were  delineated  in  each  instance  on  the  chart  immediately  after  the  post- 
mortem examination  was  made. 

Completed  charts  of  all  the  more  important  experiments  having  been  reproduced 
are  here  collected  together. 

These  charts  proved  of  great  value  during  the  course  of  the  experimental  work, 
and  subsequently,  when  the  results  were  being  collated,  in  at  once  affording  a 
clearer  mental  picture  of  the  results  of  a  series  of  experiments  than  was  possible 
from  a  perusal  of  the  post-mortem  notes. 

It  is  anticipated  that  they  will  also  be  of  great  assistance  in  helping  those 
interested  to  a  better  understanding  of  the  many  and  complicated  passage  ex- 
periments of  the  Commission. 

The  diagrams  illustrating  the  experiments  (pages  1  to  2!)  in  this  volume) 
recorded  in  the  Appendices  to  the  Second  Interim  Report  were  drawn  by 
Dr.  Cobbett.  Those  illustrating  the  experiments  detailed  in  the  Appendices  of  the 
Final  Report  were  drawn,  under  supervision,  by  Mr.  C.  F.  Fox,  to  whom  was 
entrusted  also  the  correction  of  the  lithographer's  proofs  and  the  collection  from  the 
various  Appendices  of  the  details  used  in  the  descriptions  of  the  charts. 
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In  the  diagrams  usually  only  those  organs  and  glands  are  outlined  in  which 
lesions  were  observed.  When  the  organ  or  gland  was  found  enlarged  the  outline  in 
the  diagram  was  made  proportionately  larger. 

Solid  oro-ans  (liver,  spleen,  and  kidneys)  are  shaded  grey,  and  grey  shading  is 
used  in  some  of  the  lung  outlines  to  represent  areas  of  hepatisation. 

The  method  of  representing  the  extent  and  the  severity  of  the  tuberculosis 
produced  is  by  means  of  red  contour  lines  and  spots. 

Contour  lines  are  used  for  tissues,  such  as  the  local  lesion,  the  adjacent  glands 
and  the  thoracic  glands  or  their  cortices,  which  showed  uniform  tuberculous 
infiltration. 

Lymphatic  glands,  which,  like  the  portal,  renal,  or  prepect9ral  glands,  were  too 
small  as  figured  in  the  diagram  to  contain  contour  lines  are,  when  uniformly 
tuberculous,  depicted  entirely  in  red. 

The  red  spots  indicate  tubercles  and  nodules.  The  size  of  the  spots  bears  broad 
relation  to  the  size  of  the  actual  lesions.  It  has  not,  however,  been  possible  to 
make  reproducible  distinction  between  tubercles  below  a  certain  size,  i.e.  about  that 
of  a  millet  seed,  all  of  which  are  represented  by  fine  dots,,  For  nodules  larger  than 
a  millet  seed  the  dots  are  heavier  in  proportion  to  the  size  of  the  nodule. 

When  whole  lobules  in  the  lungs  were  tuberculous  these  are  represented  by 
angular  red  spots  of  various  sizes. 

Red  cii'cles  on  the  lungs  and  liver  or  around  their  raargins  and  on  the  omentum 
represent  "perlsucht"  growths. 

Tne  density  of  the  dots  within  the  outlines  of  the  different  organs  is  roughly 
a  measure  of  the  severity  of  the  tuberculous  process. 

There  is  not,  however,  exact  numerical  relationship  between  the  number  of  dots 
in  different  diagrams  and  the  number  of  actual  tubercles.  When  there  were  only 
one  or  two  tubercles  in  an  organ  each  is  represented  in  the  diagram  by  a  dot,  but 
when  the  tubercle's  were  moderately  or  extremely  numerous  it  was  obviously 
impossible  to  depict  every  tubercle.  Slight  disease,  therefore,  is  from  the  numerical 
standpoint  unduly  emphasised  in  the  diagrams. 

E.  J.  S. 


Note. — Abbreviations  used  in  the  graphic  charts  : — 
G.P. — Guineapig. 

Subcut. — Subcutaneous  inoculation. 
Intrap. — Intraperitoneal  inoculation. 
Intramam m . — Intramam niary  inocu lation . 
T.B. — Tubercle  bacilli. 
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TABLE  OF  CONTENTS. 


1— Twenty-five  Charts  illustrating-  the  Investig-ation  of  Twenty-four  Viruses  of 
Human  Origin  presenting'  definite  features  produced  by  either  the  Bovine 
or  the  Human  Tubercle  Bacillus  (Group  I.  or  Group  II.)  recorded  in  the 
2nd  Interim  Report. 
For  details,  see  Appendix  to  2nd  Interim  Eeport,  Vol.  II.  (Dr.  Cobbett). 

List  of  Viruses  Illustratkd  : — 


Reference  No. 

Refei'ence  No. 

of  Chart. 

of  Chart. 

Group  I. 

:  H.  2.  " 

.Sp.  A." 

I 

Group  II. : 

H.  8.  ' 

S.C." 

12 

{Bovine 

H.  7. 

■  CM." 

2 

{Human 

H.  9. 

"C.T." 

13 

tubercle 

H.  10. 

"  B.S." 

tubercle 

H.  11. 

"E.D." 

14 

bacilli). 

(two 

charts) 

O  &  OA 

bacilli). 

H.  12. 

15 

H.  14. 

"F.S." 

4 

H.  1.5. 

"  I.W." 

16 

H.  19. 

"  S.W." 

5 

H.  18. 

17 

H.  20. 

"F.L." 

6 

H.  22. 

"  F.W." 

18 

H.  28. 

"C.L." 

7 

H.  23. 

"  J.P." 

19 

H.  29. 

"  AI.F." 

8 

H.  25. 

"  A.T." 

20 

H.  31. 

"  L.F." 

9 

H.2G. 

''K.M." 

21 

H.32. ' 

'  Y.W." 

10 

H.  27. 

"  L.D." 

22 

H.  o9. 

L.B." 

11 

H.  30. 

"  E.M." 

23 

H.  36. 

"3I.D." 

24 

2.  — Ten  Charts  illustrating  Five  Viruses  provisionally  classed  in  Group  III.  in  the 

2nd  Interim  Report ; 
One  Chart  illustrating  the  further  Investigation  of  Two  of  these  Viruses ;  and 
One  Chart  illustrating  Two  Viruses  subsequently  investigated  which  presented 

similar  anomalies. 

For  details,  see  Appendix  to  2nd  Interim  lieport,  Vol.  [1.  (Dr.  Col)bett), 
and  Appendix  to  Final  lieport,  Vol.  I.  (Dr.  A.  Sx  Cxriifith). 

List  of  Vtruses  Illustrated  : —  Reference  No. 

of  Chart. 

H.  13.    A.D."  (two  charts)    25  and  25a. 

H.  16.  "  J.H."  (two  charts)    26  and  26a. 

H.  17.  "  Sp.  B."  (three  charts)    27,  27a,  and  27b. 

H.  21.  "G.B."  (two  charts)    28  and  28a. 

H.  49.     T.C."  (one  chart)    29 

H.  13.  "A.D."and  H.  49.  "  T.C."  (further  investigation) 

(one  chart)...        ...        ...        ...        ...        ...  30 

H.  60.  "  W.B."  .  1 

H.  90.  "I  P  "  ('^"6  chart)    ...  31 

3.  — Two  Charts  illustrating  Fourteen  Viruses,  investigated  after  the  issue  of  the 

Second  Interim  Report,  showing  typical  features  of  Group  1.  or  Group  II. 

For  details,  see  Final  Report,  Appendix  Vol.  I.  (Dr.  A.  S.  Griffith). 

Contents  of  the  Charts  : — 

One  Chart : — "  Inoculations  in  calves  with  the  six  virulent  human  viruses  " 
(No.  32)  (Viruses  H.  69,  H.  77,  H.  88,  H.  89,  H.  127,  {a)  and 

((•),  H.  128  («)  and  {b).) 

One  Chart : — "Inoculations  in  calves  with  tissue  emulsions  and  cultures 
(No.  33)  from  slightly  virulent  human  viruses."    (Viruses  H.  67, 

H.  74,  H.  75,  H.  78.  H.  79,  H.  80,  H.  81,  H.  87, 
H.  104.1 
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4— Seven  Charts  illustrating  the  Investigations  by  Dr.  A.  S.  Grfiith  of  Nineteen 
Lupus  Viruses,  together  with  one  Lupus  Virus  (H.  53)*  investigated  by 
Dr.  Cobbett,  and  reinvestigated  by  Dr.  Griffith. 

For  details,  see  Final  Keport,  Appendix  Vol.  11.  (Dr.  A.  S.  Griffith)  and 
2nd  Interim  Report,  Appendix  Vol.  11.  (Dr.  Cobbett). 

Contents  of  the  Charts  : — 

One  Chart  : — "  Inoculations  in  calves  with  four  of  the  lupus  cultures  which 
(N'o.  34)  grow  like  bovine  tubercle  bacilli."    (Viruses  H.  110, 

fl.  100,  H.  Ill,  H.  91.) 

One  Chart : — "'Inoculations  in  calves  and  passage  experiments  with  two 
(No.  35)  of  the  lupus  cultures  which  grow  like  bovine  tubercle 

bacilli."    (Viruses  H.  105  and  H.  107.) 

One  Chart  : — "  Test  inoculations  in  calves  and  passage  experiments  with 
(No.  36)  two  of  the   lupus   cultures  which  grow  like  bovine 

tubercle  bacilli."    (Viruses  H.  85  and  H.  108.) 

One  Chart,  showing  the  original  inoculation  and  passage  experiments  with 
(No.  37)  the  lupus  virus  H.  53.  "  D.H."  (a),  carried  out  by 

Dr.  Cobbetc  and  reported  in  the  2nd  Interim  Report. 

One  Chart  : — "  Test  inoculations  in  calves  and  passage  experiments  with 
(No.  37a)  the  lupus  virus  H  53.  "  D.H."  (a)  and  {h),  the  cultures 

from  which  grow  like  bovine  tubercle  bacilli." 

One  Chart  : — "  Culture  inoculations  in  calves  of  the  eleven  easy  growing 
(No.  38)  lupus  viruses."    (Viruses  H.   102,  H.  103,  H.  106, 

H.  84,  H.  101,  H.  114,  H.  71,  H.  112,  H.  109,  H.  92, 
H.  99.) 

One  Chart  : — "  Pigs  and  Goats  inoculated  with  cultures  from  three  lupus 
(No.  39)  viruses  "  and  "  Pigs  and  Goats  inoculated  with  Group  II. 

Cultures  (included  for  comparison  with  above)." 

5.— Five  Charts  illustrating  the  investigation  of  Four  Equine  Viruses. 
For  details,  see  Final  Report,  Appendix  Vol.  IV.,  Dr.  F.  Griffith. 

Contents  of  the  Charts  : — 

1  wo  Charts  : — Inoculation  Experiments  on  Calves  with  Culture  of  Virus 
(Nos.  40  &  40a)       E.  II.  . 

Two  Charts  : — Inoculation  Experiments  on  Calves  with  Culture  of  Virus 
(Nos.  41  &  41a)       E.  IV. 

[  Inoculation  Experiments  on  Calves  with  Cultures  of  Viruses 
One  Chart  :—  )        E.  1.  and  E.  III. 
(No.  42)       ")  Inoculation  Experiments  on  Pigs  with  Viruses  E.  1.,  E.  II., 
(        E.  III.,  and  E.  IV. 


*  Provisionally  classed  in  the  2nd  Interim  Report  in  Group  III. 
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1. 

25  Charts  illustrating*  the  investigation  of  24  viruses 
of  human  origin  presenting  definite  features 
produced  loy  either  the  bovine  or  the  human 
tubercle  bacillus,  recorded  in  the  2nd  Interim 
Report. 

Pages  5  to  29 
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CHART  1. 

VIRUS  H.  2.     Sp.  A."    Human  Sputum.    May  8,  1902. 

The  original  material  of  this  virus  was  tlie  mixed  sputum  of  many  individuals, 
which  was  subsequently  found  to  contain  bovine  as  well  as  human  tubercle  bacilli. 

Nature  of  Disease  :  Pulmonary  Tuhercidosis. 

Material  used  {clinical)  :  Mixed  Sjuitum  from  many  patients. 

Explanation  of  Chart. — ^Experiments  with  this  virus  were  made  for  the  pur- 
pose of  determining  virulence.  Bovine  animals  and  pigs  were  fed  with 
the  sputum,  and  passage  experiments  were  carried  out  with  tlie  tubercle 
bacilli  contained  in  tul)erculous  material  derived  from  these  animals. 
Emulsion  of  tuberculous  lesions  was  alone  employed  for  passages  from 
animal  to  animal. 

It  was  shown  that  virulent  (bovine)  tubercle  bacilli  were  present  in 
the  lesions  of  at  least  one  of  the  fed  animals  (Heifer  11). 

As  a  resu.lt  of  the  investigation  of  viruses  which  showed  similar 
anomalies,  the  Commission  concluded  that  the  results  obtained  are  to  be 
accounted  for  by  the  presence  in  the  human  sputum  as  used  for  feeding  of 
a  small  number  of  bovine  tubercle  bacilli. 

Experiments  on  calves  with  cultures  obtained  at  different  stages  of 
the  passage  experiments  depicted  in  Chart  1,  were  also  made.  (See 
reference  in  italics.) 

References. — 2nd  Interim  Re})ort  :  Page  18,  para.  34  ;   page  25,  para.  43  ; 
page  33,  para.  58  ;  page  34,  paras.  60-65. 

Appendix  to  2nd  Interim  Report  :  Vol.  II.,  pages  4  and  47-92  ;  Chart  of  . 
Culture  Inoculations,  page  49. 

Final  Report,  page  14. 

Appendix  to  Final  Report,  Vol.  III.  :  ''Investigation  of  Certain  Human  Viruses 
of  Irregular  Type." 
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Virus  H.  7.  "C.M'.' 


MESENTERIC  GLANDS. 

\   

NOVEMBER    IIT»?  1902. 


I39.SUBCUT. 


OOSE,  2S0.000.  T.B. 


5.  SUBCUT. 


KILLED  28.  2.03, 
JVhen/  ill/. 

109. DAYS 


I 

115.  SUBCUT. 

OOSE,  12.000.  T.faj 


117.  SUBCUT. 


OOSE,  12.000. T.i 


95.  Intravenous 


OOSE.  *a. 000. T.B. 


101 .  Intravenous 

DOSE,  *8.000.T.B 


103.  SUBCUT 

DOSE,  4a. 000. T.B. 


I  05.  SUBCUT. 

DOSE,  +8. 000. T.B. 


107.  Subperitoneal. 


KILLED  10.  4.  03. 

When/  dyin£f 


D0SE,.*S.000.T.B. 


109.  Intraperitoneal. 


.  DOSE,  4.8.000.  T.B. 


6 


CHART  2. 


VIRUS  H.  7.  "CM."     Mesenteric  Glands.    November  11,  1902. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man  subsequently  found  to 
have  been  caused  by  the  bovine  tubercle  bacillus. 

Nature     case  :  Frimarij  Abdominal  Tuberculosis. 
Age  of  patient  :  8  years. 

Material  used  {post-mortem)  :  Mesenteric  glands  only. 

Explanation  of  Chart. — The  chart  illustrates  (1)  the  inoculation  experiments 
on  bovine  animals  with  emulsions  of  the  mesenteric  glands,  undertaken 
to  determine  the  original  virulence  of  the  virus  ;  and  (2)  experiments 
to  test  the  effect  of  passage  from  animal  to  animal.  (In  these  experiments 
emulsions  of  tuberculous  tissues  were  alone  employed.) 

Experiments  on  calves  with  cultures  of  this  virus,  derived  indirectly 
from  the  original  material,  were  also  carried  out.  {See  reference  in 
italics.) 

References. — 2nd  Interim  Report  :  Page  14,  paras.  21  to  27  ;  page  25, 
paras.  43  and  44  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report,  Vol.  II.  :  Pages  10  and  11!)  to  158  ;  Table 
of  Culture  Inoculations,  P'^^a^  120 

Final  Report,  pages  9  to  13. 


Mesenteric  Glands.  Virus  H.  10.  B.  S. 


20-12-02. 


81.  SUBCUT. 


35    SUBCUT  .  l!3.  SUBCUT. 


DOSE,  SOOO  T.B.  OOSE,  5.000  T.B. 


295.  INTRAMAtVlM. 


POSE,  1,988.000.  T.B. 


CHART  3. 

VIRUS  H.  10.  ^'B.S."    Mesenteric  Glands.    December  20,  1902. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man,  subsequently  found  to 
have  been  caused  by  the  bovine  tubercle  bacillus. 

Nature  of  case  :  Primary  Abdominal  Tuberculosis. 
Age  of  Patient :  1  year  9  months. 

Material  used  (  post-mortem)  :  Mesenteric  Glands  only. 

Explanation  of  Chart. — The  chart  illustrates  (1)  the  inoculation  experiment  on 
a  heifer  (<S1)  Avith  cmalsioii  of  the  mesenteric  glands,  made  to  determine  the 
original  virulence  of  the  virus  ;  and  (2)  further  experiments  to  test  its 
virulence  for  tlu;  calf  and  goat  and  to  determine  the  effect  of  passage  from 
animal  to  animal.  (In  these  ex])eriments  emulsions  of  tuberculous  tissues. 
Avere  alone  employed.) 

References.— 2nd  Interim  Report  :  Page  H,  paras.  21  to  .'>7  ;  page  25,  paras.  4o 
and  44  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  lle|)ort.  Vol.  tl.  :  Pages  10  and  201  to  244. 

Final  Rejiort,  })ages  9  to  lo. 

See  also  Chart  .'5a  for  inoculation  experiments  with  cultures  of  this  virus. 


Virus  H.IO.  B.S. 

Culture  Inoculations. 


STRAIN  DERIVED  FROM  CALF  113, THROUGH   G.R  757. 


June  23"°  1904. 


TOTAL  DURATION  OF  ARTIFICIAL  CULTIVATION'S  MONTHS 


387,  SuBcuT. 

DOSE,  50.  MILLIGRAMMES. 


249.  SuBcuT. 

DOSE,  SO.  MILLIGRAMMES.  ^^^^'S 


17.  SuBCUT. 

DOSE.  ESTIMATED  AT 
1.800.000. T.B. 


385,  SuBcuT. 

DOSE,  ESTIMATED  AT  1.800.000. T.B. 


259 .  SuBcuT. 

ISE, ESTIMATED  AT  I.800.000.T.8. 


KILLED  10.  8.  05, 


198  DAYS  " 


March  15-^  1905 


TOTAL   DURATION  OF 
ARTIFICIAL  CULTIVATION 
16^  MONTHS 


667.'  SuBcuT. 

Dose, 50  milligrammes. 


8 


CHART  3a. 


VIRUS  H.  10.  '■  B.S."    Culture  Inoculations;  strain  derived  from  Calf  113  through 

Guinea-pig  757.    {Sec  Chart  3.) 

Explanation  of  Chart. — The  chart  illustrates  the  inoculation  experiments  on 
bovine  animals  and  a  goat  undertaken  to  test  the  relative  virulence  of 
cultures  and  tissue  emulsions  of  the  same  virus.  (For  tissue  emulsion 
inoculations  $ee  Chart  3.) 

"References. — 2nd  Interim  Report  :  Pages  12  and  13,  para.  20. 
Appendix  to  2nd  Interim  Report,  Vol.  II.  :  Page  203  et  seq. 
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Mesenteric  glands.  Virus.  H.  14.  F.  S. 


125  'sUBCUT. 

nO^E.  362.S33.0O0.  T.B. 


75.  INTRAMAMM. 

DOSE,  38  000.000.  T.B. 


I. 


fi  I  KILLED,  4.  8.03V'/( 
i  j  I    'Wfierv  'very  -iLL. 
'  s-l-  DAYS. 


181.  SUCKING. 

ED  FOR  33  DAYS. 


KILLED  24.10.031^''./ 


I 


June  8"^  1903. 


205  SUBCUT 

DOSE,  •1..SI7.000.  T.B. 


I  21.  SUBCUT 

DOSE,  362.533.000.  B.T 


"killed  14.7.03' 

IVhen/  ill/ 

36  DAYS 


197.  SUBCUT. 

DOSE,  8S.67S.000.  T.B. 


243  SUBCUT 

DOSE   4.517.000  T.B. 


235.  SUBCUT. 

DOSE.  4.SI7.000.  T.B. 


5.  SUBCUT. 

,,  D0Se,*.5l7.000.T.B. 


0 


«';died  17.11.03. 

In      7SDAYS.     /  ^1 


I 
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CHART  4. 

VIEUS  H.  U.  "F.S."    Mesenteric  Glands.    June  8,  1903. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man  subsequently  found  to 
have  been  caused  by  the  bovine  tubercle  bacillus. 

Nature  of  case  :  Primarii  Abdominal  T'ub''rculosis. 
Ag'e  of  patient  :  4j  years. 

Material  used  [post-mortem)  :  Mesenteric  Glands  only. 

Explanation  of  Chart. — The  Chart  illustrates  (1)  the  inoculation  experiments 
on  bovine  animals  with  emulsion  of  the  mesenteric  glands,  undertaken 
to  determine  the  original  virulence  of  the  virus  ;  and  (2)  experiments 
to  test  the  effect  of  passage  from  animal  to  animal,  the  effect  of 
intramammary  inoculation  and  ingestion,  the  virulence  for  the  goat,  &c. 
(In  these  experiments  emulsions  of  tuberculous  tissues  were  alone 
employed.) 

Experiments  on  calves  with  a  culture  of  the  virus,  derived  from 
the  original  material,  through  the  guinea-pig,  were  also  carried  out, 
{See  reference  in  italics.) 

References. — 2nd  Interim  Report:  Page  14,  paras.  21  to  27  ;  page  25,  paras. 
43  and  44  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report,  Vol.  II.  :  Pages  11  and  303  to  332  ; 
Chart  of  Culture  Inoculations^  304. 

Final  Report  :  Pages  9  to  13, 
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CHART  5. 


VIRUS  H.  19.  "S.W."    Mesenteric  Glands.   July  20,  1903. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man  subsequently  found  to 
have  been  caused  by  the  bovine  tubercle  bacillus. 

Nature  of  case  :  Frimary  Abdominal  Tuberculosis. 

Age  of  patient  :  2  years  9  months. 

Material  used  {post-mortem)  :  Mesenteric  (xlands  only. 

Explanation  of  Chart. — The  Chart  illustrates  (1)  the  inoculation  experiments 
witb  emulsion  of  the  mesenteric  u'lands,  undertaken  to  determine  the 
original  virulence  of  the  virus  ;  and  (2)  experiments  to  test  the  effect 
of  passage  from  animal  to  animal,  and  the  virulence  for  the  goat.  (In 
these  experiments  emulsions  of  tuberculous  tissues  were  alone  employed.) 

Experiments  on  calves  with  cultures  of  this  virus,  derived  from  one 
or  other  of  the  "  passage  "  animals,  were  also  carried  out.  {See  reference 
in  italics.) 

References. — 2nd  Interim  Report  :  Page  14,  paras.  21  to  27  ;  page  25,  paras. 
43  and  44  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report,  Vol.  II.  :  Pages  11  and  469  to  4<S8  ;  Table 
of  Culture  Inoculations.,  P'^g^  ■i'''- 
Final  Report :  Pages  9  to  13. 


Mesenteric  Glands.  Virus  H.20.  F.L. 


^0^':'    OCTOBER  1903. 


335.  suBCUT. 


DOSEl:    10,134.000    T.  B 


11 


CHART  6. 


VIRUS  H.  20.  "F.L."  Mesenteric  Glands.  October  20, 1903. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man  subsequently  found  to 
have  been  caused  by  the  bovine  tubercle  bacillus. 

Nature  of  case  :  Primary  Abdominal  Tuberculosis. 

Age  of  patient :  2  years,  10  months. 

Material  used  {post-mortem)  :  Mesenteric  Glands  only. 

Explanation  of  Chart. — The  Chart  illustrates  (1)  the  inoculation  experiments 
on  l)Ovine  animals  with  emulsion  of  the  mesenteric  glands,  made  to 
determine  the  original  virulence  of  the  virus  ;  and  (2)  experiments  to 
test  the  effect  of  passage  from  animal  to  animal.  (In  these  experiments 
emulsions  of  tubercttlous  tissues  alone  were  employed.) 

Experiments  on  calves   with  a  culture  t)f  this  virus,  derived  from 
Call  213,  were  also  carried  out.    {See  reference  in  italics.) 

References. — 2nd  Interim  Report :  Page  14,  paras.  21  to  27  ;  page  2o, 
paras.  43  and  44  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report,  Vol.  II  :  Pages  11  and  489  to  .514  ;  Chart 
of  Culture  Inoculations,  P^gs  491. 

Final  Rejwrt  :  Pages  9  to  13. 


Cervical  Glands 


Virus  H.28.  C.L 


MAY 


IZJ"^  1904- . 
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CHART  7. 

VIRUS  H.  28.  "C.L."  Cervical  Glands.  May  12,  1904. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man  subsequently  found  to 
have  been  caused  by  the  bovine  tubercle  bacillus. 

Nature  of  case  :  Cervical  Gland  Tuberculosis. 

Age  of  patient :  1  year,  2  months. 

Material  used  {clinical)  :  Cervical  Glands  only. 

Explanation  of  Chart. — The  Chart  illustrates  the  inoculation  experiments  on 
bovine  animnls  and  a  goat  made  to  determine  the  virulence  of  the  virus. 
An  emulsion  of  the  original  material  was  inoculated  into  a  guinea -]:)ig,  and 
the  tuberculous  tissues  of  the  latter  used  for  the  inoculation  of  two  calves. 
An  emulsion  of  tuberculous  tissue  was  used  also  for  the  sulisequent 
inoculations  (cow  and  goat). 

Experiments  on  calves  with  a  culture  of  the  virus  derived  from  the 
original  material  were  also  carried  out.    {See  reference  in  italics.) 

References. — 2nd  Interim  Report :  Page  14,  paras.  21  to  27  ;  page  25, 
paras.  43  and  44  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report,  Vol,  II.  :  Pages  7  and  G18  to  647  ;  Charts 
of  Culture  inoculations^  page  620. 

Final  Report :  Pages  9  to  13. 
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Cervical  Glands   Virus.   H.  29.  M.  F. 


477.  suBcuT. 


DOSE:     3,020,400.000       T  B. 


KILLED  2.9.04. 

ffhervvery  til. 

i'i  DAYS. 


463.  SUBCUT. 


DOSF.:     1,000  000  r 


29 


TH 


APRIL,  1904. 


1 


-0 


479.  suBci^T. 

DOSE       3,020.400.000  T 


1^  L'  KILLED 

I  I !      When  dying 


31.8.04.  ' 


501.  SUBCUT. 


DOSE       10,000,000      T-  B. 


483.  SUBCUT. 

DOSE      355,550,000      T  B, 


KILLED  14.12. 1 

104  DAYS. 


C4. 


KILLED   IS.  12. 04. 

105  DAYS. 


251.  SUBCUT. 


DOSE        2,a44.*00.000       T  B. 


J, 


KILLED  17.1.05. 

136  DAYS, 


CHART  8. 

VIRUS  H.  29.  "M.F."   Cervical  Glands.   April  29,  1904. 

A  virus  detained  from  a  case  of  tuberculosis  in  man,  subsequently  found  to 
hn\e  l)een  caused  by  the  bovine  tubercle  bacillus. 

Nature  of  case  :  Cerr/ra!  Gland  Tuberculosis. 

Age  of  patient  :  7^  years. 

Material  used  {cUnical)  :  Cervical  Glands  only. 

Explanation  of  Chart.- — The  Chart  illustrates  the  inocihition  experiments  on 
bovine  animals  made  to  determine  the  virulence  of  the  virus  and  the 
influence  of  dose.  In  these  experiments  emulsions  of  tuberculous  tissues 
alone  were  employed. 

Experiments  on  calves  with  a  culture  of  the  virus,  derived  from  the 
oriocinal  material  through  a  guinea-pio-,  were  also  carried  out.  ( See  refer- 
ence in  italics.) 

References. — 2nd  Interim  Report:  Page  14,  paras.  21  to  27;  page  25, 
paras.  4.-5  and  44  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report,  Vol.  11.  :  Pages  <S  and  648  to  660  ;  Chart  of 
Culture  f noculations,  page  649. 

Final  Report :  Pages  9  to  13. 
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Virus.  H.31.  L.F." 


CERVICAL  GllANDS 


SEPTEMBER,  25 


1904, 


491,  SUBCUT. 


DOSE.  5-978.000.  T.B. 


yfeUv  S^Graham.t'^.USios.J.anSjm,. 


14 


CHART  9. 


VIRUS  H.  31.  "  L.F."   Cervical  Glands.   September  25,  1904. 

A  virus  obtained  iVom  a  case  of  tuberculosis  in  man,  subsequently  found  to 
liave  been  caused  by  the  bovine  tubercle  bacillus. 

Nature  of  case  :  Cervical  Gland  Jiiberculosis. 
Age  of  patient :  7  years. 

Material  used  {clinical)  :  Cervical  Glands  only. 

Explanation  of  Chart. — The  Chart  illustrates  the  inoculation  experiments  on 
calves  with  an  emulsion  of  the  cervical  glands  made  to  determine  the 
virulence  of  the  virus. 

Experiments  on  calves  with  cultures  of  the  virus,  derived  directly 
from  the  original  material,  were  also  carried  out.    {See  reference  in  italics.) 

References. — 2nd  Interim  Report  :  Page  14,  paras.  21  to  27  ;  ]Jage  25, 
paras.  4o  a,nd  44  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report,  Vol.  II.  :  Pages  8  and  682  to  703  ;  Chart  of 
Culture  Inoculations,  page  685. 

Final  Report :  Pages  9  to  13. 


Virus 


H.  32,Y.W. 


OCTOBER  I904-. 


LUNG 


I  

533.  SuacuT. 

Dose,|ftS4-.;60.ooo.  t.b. 


KILLED  5.11.  O'q-. 
Wheny  dying 


537.  SuBcuT. 


DOSE,    6S4-. 160.000. T.B. 


K[LLED  3.  II .  04-. 

When/ cZ/inff. 

33  DAYS. 


MESENTERIC  GLANDS. 


4-65 .  SuBcuT. 

DOSE,  M74..200.000.  T.B. 


KILLED    9.    II,  0<-. 
yVTien^  very  ilL . 
39  DAYS. 


4-87.  SuBcuT. 


DOSE.  234«. 400.000.  T.B. 


KILLED  23.  10.  04-. 
22  DAYS. 


7.  SuBCUT. 

IADOSE,  I55.1S0.000.  T.B. 


i    KILLED. 19. 11, Ot.|    ,  1 
\)  I  'When,  very  iUJ]  j 
'        2  7  DAYS .  ^ 
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CHART  10. 

VISUS  H.  32.  "Y.W."    October  1,  1904. 

A  virus  obtained  from  a  case  of  tubei'culosis  in  man  subsequently  found  to 
have  been  caused  by  the  bovine  tubercle  bacillus. 

Nature  of  case  :  Primarji  Abdomi nal  'raherculosis. 
Age  of  patient :  '2  years,  9  months. 

Material  used  {post-mortem)  :  Mesenteric  Glands  and  Lung.  The  Bronchial 
Glands  also  were  used  for  experiment    {See  references  below.) 

Explanation  of  Cha^rt. —  The  Chart  illustrates  the  inoculation  experiments  on 
calves  with  emulsions  of  the  original  material  made  to  determine  the 
virulence  of  the  virus.  An  emulsion  of  the  lung  was  tested  as  well 
as  that  of  the  mesenteric  glands,  in  order  to  determine  whether  there 
was  any  difference  in  virulence  between  the  bacilli  from  these  two 
sources. 

The  \'irulence  of  the  virus  for  the  goat  was  also  tested,  an 
erindsion  of  tuberculous  tissue  from  one  of  the  calves  being  used. 

An  eniidsion  of  the  bronchial  glands  was  inoculated  into  rabbits. 
{See  \o].  II.  of  Appendix.) 

Experiments  on  calves  with  cultures  of  the  virus,  derived  from  the 
bronchial  glands  as  well  as  from  the  mesenteric  glands,  were  also  carried 
out.    {See  reference  in  italics.) 

References. — 2nd  Interim  Report :  Page  14,  paras.  21  to  27  ;  p;\ge  25,  paras. 
43  and  44  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report,  Vol.  II.  :  Pages  11  and  7(14  to  725  ;  Chart 
of  Culture  Inocidat/'oiis,  pages  707  and  708. 

Final  Report :  Pages  9  to  l.S. 


Virus  H.59.L.B. 


Culture 


In 


27 


LUNG. 

MARCH,  1906. 


OCULATIONS 


STRAIN  DERIVED  FROM   HUMAN  LUNG,  DIRECT. 

TESTED  FOR  VIRULENCE  AFTER  7  WEEKS  ARTIFICIAL  CULTIVATION  . 
SUBCULTURE  ON  BOVINE  SERUM  USED,  20  DAYS  OLD. 


965.  SuBcuT. 

VMMES. 


987.  SuBcuT. 

DOSE,  10.  MILLIGRAMMES. 


 1 

991.  SuBcluT. 

DOSE,  10.  MILLIGRAMMES. 


KILLED  15.  5.  06. 

When  dyin^. 
+3  DAYS. 


MESENTERIC  GLANDS. 

IS^'i'MAY,  1906. 

STRAIN  DERIVED  FROM  HUMAN  MESENTERIC  GLANDS,  THROUGH  G. P.  1849. 
TESTED  FOR  VIRULENCE  AFTER  2  MONTHS  ARTIFICIAL  CULTIVATION. 
THIRD  SUBCULTURE  ON  BOVINE   SERUM  USED,  21  DAYS  OLD. 


1063 .  SuBcuT, 

DOSE,  SO.MILLIGRAMMES. 


1077.  SuBcuT. 

DOSE,  10.  MILLIGRAMMES. 


CERVICAL  GLANDS. 

I  7:^"  APRIL,  1906. 

STRAIN  DERIVED  FROM  HUMAN  CERVICAL  GLANDS,  DIRECT. 
TESTED  FOR  VIRULENCE  AFTER  2  MONTHS  ARTIFICIAL  CULTIVATION. 
SECOND  SUBCULTURE  ON  BOVINE  SERUM  USED,  21  DAYS  OLD. 


1037.  SuBCUT. 

DOSE,  10.  MILLIGRAMMES. 


21^1  APRIL,  1906. 

STRAIN  DERIVED  FROM  HUMAN  BRAIN, THROUGH  G.P.I860. 
TESTED  FOR  VIRULENCE  AFTER  2  MONTHS  ARTIFICIAL  CULTIVATION. 
SECOND  SUBCULTURE  ON  BOVINE  SERUM  USED,  21  DAYS  OLD. 


1057,  SuBcuT. 

DOSE,  10.  MILLIGRAMMES. 
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CHART  IL 

VIRUS  H.  59.  "L.B."  Culture  Inoculations. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man  subsequently  found  to 
have  been  caused  by  the  bovine  tubercle  bacillus. 

Nature  of  case  :  Primary  Abdominal  Tuberculosis. 
Age  of  patient  :  2  years,  9  months. 

Material  used  {post-mortem)  :  Mesenteric  Glands,  Cervical  Glands,  Lung,  and 
Brain.    (Cultures  only  used.) 

Explanation  of  Chart. — The  Chart  illustrates  the  inoculation  experiments  on 
calves  with  several  strains  of  cultures  obtained  from  the  original  material, 
made  to  determine  (a)  the  virulence  of  virus,  and  (b)  whether  any 
differences  in  virulence  existed  between  the  cultures  derived  from  the 
several  lesions. 

References. — ^2nd  Interim  Report :  Page  14,  paras.  21  to  27  ;  page  25,  paras 
43  and  44  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report,  Vol.  II.  :  Pages  12  and  938  to  965. 

Final  Report  :  Pages  9  to  13. 
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CHART  12. 


VIRUS  H.  8.  "S.C."   Mesenteric  Glands.   November  22,1902. 

A  virus  obtained  from  a  case  ot  tuberculosis  in  man,  subsequently  found  to 
have  been  caused  b)^  the  human  tubercle  bacillus. 

Nature  of  case  :  Primary  Abdominal  Tuberculosis. 
Age  of  patient:  11  months. 

Material  used  ( post-mortem)  :  Mesenteric  Glands  only. 

Explanation  of  Chart. — The  Chart  illustrates  (1)  inoculation  experiments  on 
calves  with  broth  cultures  of  the  original  virus,  and  (2)  experiments — 
carried  on  by  means  of  tissue  emulsions — to  test  the  effect  of  passage  from 
animal  to  animal. 

Experiments  on  calves  with  serum  cultures  also  were  carried  out, 
{See  reference  in  italics.) 

References. — 2nd  Interim  Report  :  Page  16,  paras.  18  to  38  ;  page  26,  paras.  45 
and  '16  ;  pages  72  and  1)7. 

Appendix  to  2nd  Interim  Report,  Vol.  II.  :  Pages  10  and  159  to  186  ;  Chart  of 
Serum.  Culture  Inoculations,  page  161. 

Final  Report :  Pages  9  to  13. 
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CHART  13. 


VIRUS  H.  9.  "  C.T."    Wrist-joint.   December  11,  1902. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man,  subsequently  found  to 
have  been  caused  by  the  human  tubercle  bacillus. 

Nature  of  case  :  Joint  Tuberculosis. 
Age  of  patient  :   55  years. 

Material  used  {clinical)  :  Tissue  removed  by  operation  from  wrist-joint. 

Explanation  of  Chart. — The  Chart  illustrates  (1)  the  inoculation  experiments  on 
calves  made  with  firoth  culture  (derived  from  the  original  material  through  a 
guinea-pig j  made  to  determine  the  original  virulence  of  the  virus,  and  (2) 
experiments — carried  on  by  means  of  emulsions  of  tuberculous  tissues — to 
test  the  effect  of  passage  from  animal  to  animal. 

Experiments  on  calves  with  serum  cultures  also  were  carried  out. 
{See  reference  in  italics.) 

References. — 2nd  Interim  Report:  Page  16,  paras.  28  to  33  ;  page  26, 
paras.  45  and  46  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report,  Vol.  II.  :  Pages  13  and  187  to  200  ;  Chart 
of  Serum  Culture  Inoculations,  V^S^  IS^. 

Final  Report  :  Pages  9  to  13. 
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CHART  14. 

VIRUS  H.  11.  "E.D."  Elbow-joint.  May  15,  1903 

A  virus  obtained  from  a  case  of"  tuberculosis  m  man  subsequently  found  to  have 
been  caused  by  the  human  tubercle  bacillus. 

Nature  of  case  :  Join/:  Tuberculosis. 
Age  of  patient  :  LO  years. 

Material  used  {dinical)  :  Synovial  membrane  of  elbow  -  joint  removed  by 
operation. 

Explanation  of  Chart  :  The  Chart  illustrates  (I)  the  inoculation  experiment  on  a 
calf  with  emulsion  of  the  synovial  membrane,  made  to  determine  the  original 
virulence  of  the  virus  and  (2)  experiments  to  test  the  effect  of  passage 
from  animal  to  animal.  (In  these  experiments  emulsions  of  tuberculous 
tissues  alone  were  used.) 

Experiments  on  calves  with  a  culture  of  this  virus  (derived  from  Calf 
309)  were  also  carried  out.    {See  reference  in  italics.) 

References. — 2nd  Interim  Report :  Page  16,  paras.  28  to  al^  ;  page  26,  paras. 
45  and  46  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report  :  Vol.  [I.,  jtages  18  and  245  to  258  ;  Chart 
of  Culture  Inoculations,  P^^ge  247. 

Final  Report  :  Pages  9  to  13 


123.  SUBCUT. 

DOSE,  13,000.  T.B. 
WEIGHT,  I  CWT,  O.  QRS,  17  LBS. 


189.  SuBCUT. 

DOSE.  2.  767.000.  T.  B. 
WEIGHT,   I  CWT,  2  QRS,  II  LBS. 


13.   I.  04-.  

Z67:  SuBCUT. 

DOSE,  I03.968.000.T.B. 
WEIGHT,  I  CWT,  2  QRS,  18  LBS. 


Mesenteric  Glands,  Virus  H.I2,  H,N.' 
23??  May,  1903. 


34-7 .  SuBcuT. 

O0SE,B.OOO,  T.B.  (compare  W/TH  CALVES  IZ3  &I3S.) 
WEIGHT   3  QRS.  19  LBS. 


319.  Intravenous. 

DOSE,  103.968.000. T.B. 
WEIGHT,  I  CWT,  I  QR,    Z\  LBS. 


34-9?^SuBCUT. 

D0SE,3l0.000,TB.C(;o/I//'/l/?£  CALF  269) 
WEIGH!  3QRS,  15  LBS, 


329 .  SuBcuT. 

DOSE,  2.767.000.T.B.  (V^7/W/M/?£  CALF  189) 
_JWEIGHT  3  QRS,  23  LBS. 


KILLED  IS.  6.  0*. 

97  DAYS 


135.  SuBCUT. 

DOSE,  13.000.  T.B. 
WEIGHT,  3  QRS.    21  LBS. 


269.  SuBCuT. 

DOSE,  310  000  T.B. 
WEIGHT,  I  CWT,  2  QRS,  S  LBS. 


363  .i  SuBcuT. 

DOSE, 103. 968. 000. T.B,  (CC/>//Vl>f£^  CALF  ZSt) 
WEIGHT,  3  QRS,  25  LBS. 


351.  SuBCUT. 

DOSE,  3140.266.000.  T.B. 
WEIGHT.   3  ORS,   18.  LBS. 
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CHART  15. 

VIRUS  H.  12.   "  H.N.  "   Mesenteric  Glands.   May  23,  1903. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man  subsequently  found  to  have 
•een  caused  bv  the  human  tubercle  bacillus. 

Nature  of  case  :  Primary  Ahdominal  Tubercrdosis. 
Age  of  patient  :  15  years. 

Material  used  (nos-f.-'morfem)  :  Mesenteric  (rlande  only. 

Explanation  of  Chart. — Tiu'.  Chart  illustrates  (1)  the  inoculation  experiments 
on  calves  with  cmidsion  of  the  mesenteric  glands  made  to  determine  the 
original  virulence  of  the  virus  and  (2)  experiments  to  test  the  effect  of 
passage  from  animal  to  animal.  ,  (In  these  experiments  emulsiom  of 
tuberculous  tissues  alone  were  employed.) 

Experiments  on  calves  with  a  culture  of  the  virus  (derived  from  Calf 
263)  were  also  carried  out.     (Siee  reference  in  italics.) 


References. — 2nd  Interim  Report  : 
:5  and  46  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report  : 
f  Culture  Inocnlations^  P^'S"^  261. 

Final  Report  :  Pages  !)  to  18. 


Page  16,  [)aras.  28  to  oo  ;  page  26,  paras. 
Vol.  [[.,  pages  10  and  251)  to  278  ;  Cluirt 
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CHART  16. 

VIRUS  H.  15.  "I.W.  "   Ankle-joint.   June  17,  1903. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man  subsequently  found  to 
have  been  caused  by  the  human  tubercle  bacillus. 

Nature  of  case:  }[i(1tlple  Tiihercu,h>iis  Osteitis. 
Age  of  patient :  4  years. 

Material  used  {clinical)  :  Scrapings  from  tlie  os  calcis  and  a  small  g-land 
i-emoved  from  the  left  elbow. 

Explanation  of  Chart. — The  Chart  illustrates  ( ]  )  the  iuocuhition  ex])eriments 
on  calves  with  an  emulsitin  of  the  serapiiij^s  and  o'land  made  to  determine 
the  original  virulence  of  the  virus  and  (2)  ex|^eriments  to  test  the  effect 
of  passage  from  animal  to  animal.  (In  these  experiments  rnn/Jsinns  of 
tuberculous  tissues  were  alone  employed.) 

Experiments  on  cahes  with  a  cult  an'  of  the  virus  derived  from 
Calf  41  o,  were  also  carried  out.    {See  reference  in  italics.) 

References. — 2nd  Interim  Report:  Page  paras.  28  to  oo  ;  page  26, 
paras.  45  and  46  ;  pages  72  and  1)7. 

Ap])enclix  to  2nd  Interim  Rep(trt.  Vol.11.:  Pages  14  an<l  '.VXr^  to  ;t4,S  ;  t'hort 
of  Culture  Iticeulaucns,  ynxge  oH.t. 

Final  Report-  Pages  i)  to  1.;. 
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CHART  17. 

VIRUS  H.  18.  "T.T."   Mesenteric  Glands.   June  26,  1903. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man  subsequently  found  to 
have  been  caused  by  the  human  tubercle  bacillus. 

Nature  of  case  :  Primarii  Alxdomliicd  Tvherculosis. 
Age  of  patient :  2  years,  5  years. 

Material  used  {pDst-nmrtem)  :  Mesenteric  Glands  only. 

Explanation  of  Chart. — The  Chart  illustrates  (1)  the  inoculation  experiments 
()u  (jalves  with  fmulsioii  of  tlie  mesenteric  o']jiuds  made  to  determine  tlie 
original  virulence  of  the  virus  and  (2)  experiments  to  test  the  effect  of 
passage  from  animal  to  animal.  (In  these  experiments  emuhlons  of  tuber- 
culous tissues  alone  were  em])Ioyed.) 

Experiments  on  calves  with  a  culture  of  the  virus  derived  from 
Calf  405,  were  also  carried  out.    {See  reference  in  italics.) 

References. — 2nd  Interim  Report:  Page  16,  ]jaras.  28  to  83;  page  26, 
paras.  4,")  a-nd  4(5  ;  ])ages  72  and  !)7. 

Appendix  to  2nd  Interim  Report,  Vol.  II  :  Pages  11  and  45o  to  46<S  ;  Chart 
of  Culture  ] uoi'ulations,  P^^g'S  455. 

Final  Report:   Pages     to  13. 
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CHART  18. 


VIRUS  H.  22.  "F.W."    Lung,  and  Thoracic  Glands.    December  5,  1903. 

A  virus  obtiiiru'd  i'ruin  a  case  of  tuber<ail< )sis  in  man  subsequent!}^  found  to  have 
been  caused  by  the  human  tubercle  bacillus. 

Nature  of  case  :  Pul/notian/  Tab(  ri  uli'^is. 
Age  of  patient  :  IG  years. 

Material  used  [  post-mortem)  :  Lung,  ;hi<1  Thoracic  Glands  only. 

Explanation  of  Chart. — The  Chart  illustrates  ( I )  the  inoculation  experiments 
oji  calves  with  an  emulsion  of  lung  and  an  emulsion  of  thoracic  glands, 
made  to  determine  the  original  virulence  of  the  virus  ;  and  {"2)  experiments 
to  test  the  effect  of  passage  from  animal  to  animal.  (In  these  experiments 
f^malsions  of  tuberculous  tissues  alone  were  em{)loyed.) 

Experiments  on  calves   with  a  culture  of  the  virus   (derived  from 
Calf  298)  were  also  carried  out.    {See  reference  in  italics.) 

References. — 2nd  Interim  Report  :  Page  16,  paras.  28  to  oo  ;  page  26, 
paras.  45  and  46  ;  pages  72  and  79. 

Appendix  to  2nd  Interim  Re}>ort,  WA.  11  :  ]-*ages  4  and  aol  to  .").t2  ;  ijhart 
of  CvUiire  Inocvlaiions.  page  .7.33. 

Final  jlejjort  :  Images  9  to  13.  % 


Lung.  Virus  H.23.  J.R 


\91»  MARCH.  !904. 


345.  suBCUT. 

DOSE:    103  093,000  T. 


431.  SUBCUT 

DOSE.     16.029,000     T.  B 


365.  SUBCUT, 

DOSE;     103,093.000     T.  B. 


»    f    KILLED  19.9.04.  ' 

\\  105  OAYS 


441.  INTRAV. 

dose:      13,357.000     T.  B. 


SUBCUT. 

3.167.000      T.  B. 


421.  SUBCUT. 

DOSE-      8.167  000     T  B. 


KILLED  9.8.04, 
62  DAYS. 
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CHART  19. 


VIRUS  H.  23.  "J.P."    Lun^.    March  13,  1904. 

A  virus  obtiiined  from  a  case  of  tuberculosis  in  uian  subsequently  found  to  have 
been  caused  bv  the  human  tubercle  bacillus. 

Nature  of  case  :  Pulmonary  Tvhcrcnldsis. 

Age  of  patient  :  41  years. 

Material  used  ( posf-mortem)  :  Lung  only. 

Explanation  of  Chart. — The  Chart  illustrates  (1)  tiie  inuculation  t-xpci-iinents 
on  calves  with  emulsion  of  the  lung  made  to  determine  the  original  virulence 
of  the  virus  ;  and  (2)  experiments  to  test  the  effect  of  passage  frtMu  animal 
to  animal.    (In  these  experiments  emn.hicns  of  Tubercuh^us  tissues  alone 
■  were  employed. 

Experiments  on  calves  with  a  cvltnn'  of  the  virus   (derived  from 
Calf  865)  were  nlso  carried  out.     {Sec  reference  in  italics.) 

References.— 2nd  Interim  Report  :  I'age  16,  paras.  2S  to  33  ;  page  26, 
paras.  45  and  46  ;  })ages  72  and  97. 

Ap{>endix  to  2nd  Interim  Report,  A'ol.  IT.  :  Pages  5  and  558  to  568  ;  Chart 
of  (Culture  Inoculaf/ons^  P^E^ 

Final  Repoi't  :  Pages  9  to  18. 
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Lung.  Virus  H.  25.  AT. 


\7T'^    MAY,  1904. 


r 


CHART  20. 


VIRUS  H.  25,  "A.T;"   Lung.   May  17,  1904. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man  subsequently  found  to 
have  been  caused  by  the  human  tubercle  bacillus. 

Nature  of  case  :  P/dmonari/  TiihprcuJo.'^is. 

Age  of  patient  :  80  years. 

Material  used  ( posl-mortem)  :  Lunu'  only. 

Explanation  of  Chart. — The  Chart  iHustrates  the  inoculation  experiments  on 
calves  made  to  determine  the  virulence  of  the  virus.  (In  these  experi- 
ments emnhioris  of  tuberculous  tissues  alone  were  employed.) 

Experiments  with  a  caltu.re  of  the  virus  (derived  from  Calf  417)  were 
also  carried  out.    {See  reference  in  italics.) 

References. —  2nd  Interim  Report :  Page  K^,  paras.  2S  to  38  ;  pag-e  26,  paras. 
45  and  46  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report,  Xol.  II.  :  l^ag-es  5  and  hlh  to  594  ;  Chart  of 
Culture  Lioculatiovs,  page  578. 

Final  Report  :  Pages  9  to  18. 


Kidney.  Virus   H.26  K.M. 

ZZ^°  June,  I904-. 


WeUm- SoOt-tDuoruL'^.tiAaf.XoTulan. 
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CHART  21. 

VIRJS  H.  86.  ''K.M."  Kidney.   June  '^2,  1904. 

A.  virus  obtained  frotn  a  case  of  tubinvalosis  in  ninn  subsequently  found  to 
'  . ve  been  caused  by  the  human  tubercle  bacillus. 

Nature  of  case  :  Tubercnlosis  of  Kldnrij. 

Age  of  patient  :  .2.5  years. 

Material  used  [din/'cal)  :  Kidney  only. 

Explanation  of  Chart. — The  Chart  illustrates  the  inoculation  experinienrs  on 
calves  made  to  determine  the  virulence  of  the  virus.  In  these  experi- 
7nents  emulsions  of  tuberculous  tissues  alone  were  employed. 

Experiments  on  calves  with  a  cnUure  of  the  virus  (derived  from  the 
kidney  throuiJ'h  a  guinea-pig)  were  also  carried  out.  {See  reference  in 
italics.) 

References. — 2nd  Interim  Report  :  Page  paras.  i^S  to  .');-)  ;  paii'e  2'j,  paras. 
'\h  and  46  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report,  11.  :  PaLi'es  ] ,")  and  .V.)')  ro  f;06  ;  <Jiart 
i^f  Cnltiire  Inocu/at/'ons,  i>age  598. 

Final  Report  :  Pages  9  to  13, 
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Virus  H.  27  "b.d'.' 


503.  SUBCUT. 


DOSE,  40.960.000.  T.8. 


CERVICAL  GLANDS, 


APRIL,  2lfT  1904. 


2.  7.  0*. 
 I  


511.  SUBCUT. 

DOSE,  40.seo.000.  T.B. 


KILLED.  3.  10.04. 

93.  DAYS. 


I 
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CHART  22. 

VIRUS  H.  27."B.D."   Cervical  Glands.   April  21,  1904. 

A  virus  obtaiued  tVoiii  a  case  of  tuberculosis  in  iaa]i  subsequently  found  to 
)ave  been  caused  V)y  the  human  tubercle  bacillus. 

Nature  of  case  :  Cervical  Gland  Tubtrcalosis. 

Ag-e  of  patient  :  11|  years. 

Material  used  {clinical)  :  Cervical  Glands  only. 

Explanation  of  Chart. — The  Chart  illustrates  the  inoculation  experiments  on 
calves  made  to  determine  the  virulence  of  the  virus  ;  in  these  experiments 
emulsions  of  tuberculous  tissues  alone  were  employed. 

Ex[)eriments  on  calves  with  a  culture  of  the  virus,  derived  from  the 
ori<j;inal  material,  were  also  carried  out.    {See  reference  in  italics.) 

References.  —  2nd  interim  lieport  :  I 'age  Hi,  paras.  28  to  H3  ;  page  26, 
)aras.  -45  and  46  ;  ])ages  72  and  97. 

Appendix  to  2nd  Interim  Report,  \u\.  \  V.  :  i\tges  7  and  6(J7  to  617  ;  Chart 
>f  Culture  Inoculations^  P'^g'^  ^10. 

Final  Re})ort  :  Pages  5)  to  18. 
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ViRU^  H  .  30.  E.M, 


Mesenteric  &   Bronchial  Glands 


May  24T':'  1904. 


13.       7.  04-. 


8.      8.  04-. 


4-73.  SuBcuT. 


DOSE,  4-  756. 800. 000. T.B. 


4-81  SuBCUT. 

DOSE,  4-.  7S6.  800.000. T.B. 


KILLED  9.  12.  04-. 

123  DAYS 


28 


CHART  23. 

VIRUS  H.  30.  "E.M."  Mesenteric  and  Bronchial  Glands.   May  24,  1904. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man  subsequently  found  to 
have  been  caused  by  the  human  tubercle  bacillus. 

Nature  of  case  :  Primary  Abdominal  Tuberculosis. 
Age  of  patient :  8  years,  10  months. 

Material  used  {jiost-mortefn)  :  Mesenteric  and  Bronchial  Glnnds  only. 

Explanation  of  Chart. — The  Chart  illustrates  the  inoculation  experiments  on 
calves  made  to  determine  the  virulence  of  the  virus.  A  mixed  emulsinu 
of  the  human  tissues  was  used  for  the  inoculation  of  the  first  sfuinea-nifj-, 
and  emulsions  of  tuberculous  tissues  were  used  for  infectino-  the  second 
guinea-pig  as  well  as  for  the  calves. 

Experiments  on  calves  with  a  culture  of  the  virus,  derived  from  the 
original  material  through  a  guinea-pig,  were  also  carried  out.  {See 
reference  in  italics.) 

References. — 2nd  Interim  Report  :  Page  16,  |)aras.  28  to  oo  ;  page  26, 
paras.  45  and  46  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report,  Vol.  II.  :  Pages  11  and  670  to  681  ;  Chart 
of  Culture  Inoculations,  page  673. 

Final  Report  :  Pages  9  to  13. 
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Virus  H.  36.'m.D.' 


BRONCHIAL  j  GLANDS. 

i 

JANUARY,  IT"  1905. 


59! .  SuBcuT. 


OOSE,  I5.5fi5.000.  T.B. 


621.  SUBCUT, 


□  OSE,  IS.585.000.  T  B. 


fi'ella-S^CraJuin.l'^,  liar's  MtruLm^ 
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CHART  23. 

VIRUS  H.  30.  "E.M."   Mesenteric  and  Bronchial  Glands.   May  24,  1904. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man  subsequently  found  to 
lave  been  caused  by  the  human  tubercle  bacillus. 

Nature  of  case  :  Frimary  AlHhnninal  Tuberculosis. 
Age  of  patient :  o  years,  10  months. 

Material  used  (post-mortem)  :  Mesenteric  and  Broncliial  Glands  only. 

Explanation  of  Chart. — The  Chart  illustrates  the  inoculation  experiments  on 
calves  made  to  determine  the  virulence  of  the  virus.  A  mixed  emulsitm 
of  the  human  tissues  was  used  for  the  inoculation  of  the  first  guinea-[)ig\ 
and  emulsions  of  tuberculous  tissues  were  used  for  infecting  the  second 
guinea-pig  as  well  as  for  the  calves. 

Experiments  on  calves  with  a  culture  of  the  virus,  derived  from  the 
original  material  through  a  guinea-pig,  were  also  carried  out.  (aSVc^ 
reference  in  italics.) 

References, — 2nd  Interim  Report  :  Page  16,  paras.  28  to  83  ;  page  26^ 
oaras.  45  and  46  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report,  Vol.  II.  :  Pages  11  and  670  to  681  ;  Chart 
if  Culture  Inoculations,  page  673. 

Final  Report  :  Pages  9  to  13. 
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H 


Bronchial  Glands  and  ^pleen.  Virus.  H.!3.  A.D. 

7^"  June  jsos. 


119.  SUBCUT. 

WEIGHT:  3.qRS.  26.LBS. 
16,000.  T.B. 


315.  SUBCUT. 

weight;  I  CWT.  I.QR.  25. LBS. 
^^^^15.000.  T.B.   (COMPARE   WITH  CALVES  119  &  129.) 


(killed  3o.3,o'^.  •,  M 


70  DAYS 


Vj/EIGHT  I.  CWT.  2,QRS,  2LLBS. 
S4I.333.0OOT.B. 


18  .  12  .  03. 


299. 


J  N  TRAP. 


WEie 

3.500.000. 


321.  SUBCUT. 

IT:  I. CWT.  I.QR.   18  LBS. 

r.B.  (COMPARE  WITH  CALF  225.) 


[KILLED  23  .3.  04. 

6.3  DAYS 


129.  SUBCUT. 


weight:   I.CWT,  O.QRS,  I.  lb. 
16.000  T.B. 





\^  !KILLED    12. 8. 03.  \  '/I 

'    I"  6  6.  DAYS 


'  I 

£6. 11. aa. 


301 


SUBCUT. 


WEIGHT;  I .  C WT.  I.Q R .  15  LBS 
541.333.000.  T.B 


325.  SUBCUT. 

WEIGHT:  I.CWT.  I.QR.  17,LBS. 
SOO. 000. 000. T.B. (COMPARE  WITH  CALF30I) 


/I 

\  ''A 
 „  V       „  \ 

/KILLED  13.2. 0+.\  Vy 

j  •}    When  dyirijg.    \  if 

24  DAYS  I  || 

As' 


29 

CHART  24. 

VIRUS  H.  36.  "M.D."  Bronchial  Glands.   January  11, 1905. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man,  subsequently  found  to 
have  been  caused  by  the  human  tubercle  bacillus. 

Nature  of  case  :  Primary  Abdominal  Tuberculosis. 
Age  of  patient  :  4j  years. 

Material  used  for  investigation  ( post-mortem)  :  Bronchial  (jlands.  The 
Mesenteric  Glands  also  were  used,  for  culture  inoculations  only.  (See 
below.) 

Explanation  of  Chart. — The  Chart  illustrates  the  inoculation  experiments  on 
calves  with  an  emulsion  of  the  bronchial  glands  made  to  determine  the 
virulence  of  the  virus. 

Experiments  with  a  culture  of  the  virus,  derived  directly  fnjm  the 
human  mesenteric  glands,  were  also  carried  out.    {See  reference  in  italics.) 

References.— 2nd  Interim  Report  :  Page  16,  paras.  29  to  33  ;  page  26, 
paras.  45  and  46  ;  pages  72  and  97. 

Appendix  to  2nd  Interim  Report,  Vol.  II.  :  Pages  11  and  744  to  751  ;  Chart 
of  Culture  Inoculations^  P^^ge  747. 

Final  Report :  Pages  9  to  13. 
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30 


o 

10  Charts  illustrating  five  viruses  provisionally  classed 
in  Group  III.  in  the  2nd  Interim  Report:  one 
chart  illustrating"  the  further  investigation  of  two 
of  these  viruses,  and  one  chart  illustrating  two 
viruses  subsequently  investigated  which  presented 
similar  anomalies. 


Pages  30  to  42 


Bronchial  Glands  and  Spleen.  Virus.  H.I3.  A.D. 

June  1903. 


I 


119.  SUBCUT. 

yElSHT:  3.qRS.  26.LBS. 
J       16.000.  T.B. 


KILLED  13.8.  03, 

G7  pAYS 


225.  SUBCUT. 

WEIGHT:  3,qRS.  17.LBS. 
3.4-07.  000. T  B. 


KILLILD  10.11.03. 

69  DAYS. 


315.  SUBCUT. 

weight:  i.cwt  i.qr,  eb  lbs. 

15.000.  T.B.  (COMPARE   WITH  CALVES  119  &  129.) 


18  .  12  .  03. 


299.  INTRAP. 

eight  i.cwt.  2,QRS,  2I.LBS. 
S4I.333.000T.B. 


321.  SUBCUT. 

5HT:  I.CWT.  I.QR.   18  LBS. 
.T.B.(^C0MPARE  WITH  CALF  225.) 


— — n 

129- SUBCUT. 

weight:  I.CWT,  O.QRS,  l.LB. 
16.000  T.B. 


31.I0^S3. 


26. 11. ,(53 


301.  SUBCUT. 

WEIGHT:  I.  CWT.  I  QR.ISLBS 
541.333.000.  T.B 


325.  SUBCUT. 

WEIGHT:  l.CWT.  I.QR.  I7,LBS. 
SOO. 000. 000.  T.B. (COM  PARE  WITH  CALFSOl) 


3] 


CHARTS  25  and  25a. 

VIRUS  H.  13.  "  A.D."  Bronchial  Glands  and  Spleen.   June  7, 1903. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man,  from  animals  inoculated 
with  which  both  the  human  and  the  bovine  tubercle  bacillus  were  isolated. 

Nature  of  case  :  General  Juberculosis  (primary  seat  of  disease  not  ascertained). 
Age  of  patient  :  4  years. 

Material  used  {post-mortem):  Bronchial  Glands  and  Spleen  (mixed  emul- 
sion) only. 

Explanation  of  Charts. — The  early  experiments  with  this  virus  were  made  for 
the  purpose  of  determining  the  virulence  of  the  emulsion  obtained  from  the 
original  material. 

After  passage  through  the  bodies  of  guinea-pigs,  inoculated  to  increase 
the  numbers  of  tubercle  bacilli,  the  virulence  of  the  virus  appeared  to  be 
higher  for  the  calf  than  it  was  originally.  (In  this  series  of  experiments 
(Chart  25)  emulsions  of  tuberculous  lesions  alone  were  employed.) 

The  investigation  of  the  virus  was  therefore  continued.  Inoculation 
experiments  were  made  (Chart  25a)  on  calves  with  two  strains  of  culture 
obtained  at  successive  stages  of  the  "  Passage"  experiment  (from  Calf  .301 
and  Calf  321.) 

Charts  25  and  25a  |)resent  the  results  which  had  been  obtained  with 
virus  H.  13  "  A.D."  at  the  time  of  the  issue  of  the  2nd  Interim  Report, 
results  which  caused  the  Commission  to  include  it  with  those  viruses  placed 
provisionally  in  Group  III. 

References. — 2nd  Interim  Report :  Page  32,  para.  55  ;  page  33,  para.  58  ; 
mge  34,  paras.  60  to  65  ;  page  92. 

Appendix  to  2nd  Interim  Report,  Vol.  II.  :  Pages  6  and  271J  to  302. 

Further  investigations  were  subse(|uently  carried  out  with  the  strain 
of  vulture  derived  from  Calf  301,  which  had  been  shown  "  to  possess  the 
capacity  to  grow  luxuriantly  on  artificial  media,  and  to  produce  general 
proo;'ressive  tuberculosis  in  calves  and  rabbits." 

These  investigations  demonstrated  that  "  this  want  of  that  accordance 
which  usually  obtains  between  cultural  characters  and  virulence  was  due  to 
a  mixture  of  bacilli,  with  the  properties  of  the  human  and  bovine  tubercle 
bacillus  respectively."    {See  Chart  30.) 

References.— Final  Report  :  Page  15. 

Appendix  to  Final  Report,  Vol.  III.  :  "  Investigation  of  Certain  Human  Viruses 
of  Irregular  Type." 


761.  SUBCUT. 


DOSE,  50  MILLIGRAMMES. 


CULT 


(  Two 
stxzffes 


Vifkus  H.  13.  A,D, 


JRE  INOCULATIONS, 


AFfPvSL    27^"  !90S. 


Stnairv 
TotcOy 


Sura'-iori. 


Passage.] 


o  errMeely  fhfjm^  Calf        ,  dxr-tict. 

oF  ar-fiJ)rirxJ  Ci'J/ivafjMn.l.Srncritt'if:- 


765 .  SuBCuT. 


DOSE,  so  MILLIGRAMMES. 


^l*^"  Passage.  1 


J 


JJLY  14-^"  1905. 


StT-aM  d^  -f,'e^  ff^ofii'  CriT/-  3Z1 ,  dzref^  . 

825.  bUBCUT, 

DOSE,  SO  MILLIGRAMMES. 


32 

CHART  25a. 


VIRUS  H.  13.  "A.D."    Culture  Inocuiations. 
{Sec  Chart  1^5.) 
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Kneejoint.  VlRUSjlJj^^^Jjjl. 


JUNEJ903. 


155.  SUBCUT. 

DOSE,   10-000.  T.B. 
WEI&HT,   r  CWT,     I  qR.   II. LBS. 


2Z9.  SuBcuT. 

DOSE  ,  712  800.  T.B. 
WEIGHT,  3  QKS.  9LBS. 


157.  SuBCUT. 

DOSE,     lO  000  T.B. 
/EIGHT,  I.CWT.    O.QR.  3.L8S 


273.  SuBcuT. 

DOSE,  10  903. 000. T.B. 
WEIGHT   2. CWT.  I  QR.  S.LBS, 


37I.SUBCUT.  343.'SuBcuT.  317.  Su'bcut:  281.  Subcut 

I.  T.B.    fGOMPAPF   WITH  TAL  utrc    rcc.  ,„\    fc-*.^I.4.,^IJO*_^LJ|, 


DOSE,  10  OOO.TB.  (COMPARE  WITH  CALVES  IS5&  157.)       DOSE,  J\l 
WEIGHT    I  CWT.     O.QR,    3,  LBS. 


)OO.T.e.  (COMPARE  WITH  CALF  229)   DOSE, 3  UbO  OOO.T.B. (C|)WPA«E  WITH  CAI 


EIGHT   3  QRS.   23  LBS. 


WEIGHT    ICWT.   2gRS.  i?Las 


£J7™37&3'^P)      DOSE,  I0.300.000.T.B.  (COMPARE  WITH  CALF  273) 


WEIGHT   ICWT.    3  QRS.  6  LBS. 


24-5.  Subcut. 

DOSE,  157.267.0  00.  T.B. 


423?  Subcut. 

DOSE,  157.267.000.  T.B. 


CHARTS  26  and  26a. 
VIRUS  H.  16.  "  J.H."   Knee-joint.   June  18,  1903. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man  from  animals  inoculated 
with  which  both  the  human  and  the  bovine  tubercle  bacillus  were  isolated. 

Nature  of  case  :  Joint  Tuberculosis. 
Age  of  patient  :  oS  years. 

Material  used  {clinical)  :  Synovial  membrane  of  knee-joint. 

Explanation  of  Charts. — The  early  experiments  with  this  virus  were  made  for 
the  purpose  of  determining  the  virulence  of  the  emulsion  of  human  tissue. 
After  passage  through  the  bodies  of  two  calves  the  virulence  of  the  virus 
appeared  to  be  pei'sistently  higher  than  it  was  originally.  (In  this  series 
of  experiments  emulsions  of  tuberculous  lesions  were  alone  em])loved — see 
Chart  2().)  The  investigation  was  therefore  continued.  Inoculation 
experiments  were  made  on  calves  with  strains  of  culture  obtained  at 
successive  stages  of  the  passage  experiment  {see  Chart  26a).  The 
"primary  strain"  culture  and  the  "2nd  passage"  culture  were  eugonic 
and  grew  luxuriantly  like  the  human  tubercle  bacillus  ;  the  cultures  from 
the  3rd,  4th,  and  oth  passages  were  dysgonic,  growing  like  the  bovine 
tubercle  bacillus. 

These  anomalous  results  caused  the  Commission,  in  the  2nd  Interim 
Report,  to  include  Virus  H.  Ki.  "J.H."  with  those  viruses  placed 
provisionally  in  Group  III. 

References. — 2nd  Interim  Report  :  Page  31,  para.  54  ;  page  33,  para.  58  ; 
page  34,  paras.  60  to  65  ;  page  04. 

Appendix  to  2nd  Interim  Report,  Vol.  II.  :  Pages  14  and  349-396. 


Further  investigations  carried  out  1)V  Dr.  Grifhth  on  two  of  the 
Group  III.  viruses,  H.  13.  "  A.D."  and  H.  49.  "  T.C.",  which  presented 
iri-egular  features  similar  to  those  of  li.  16.  "  J.H.",  showed  that  these 
anomalies  were  due  to  a  mixture  of  bovine  and  human  tubercle  bacilli. 

It  appears  highly  probable,  therefore,  that  in  the  case  of 
Virus  16.  "  J.H.  "  bovine  tubercle  bacilli  as  well  as  human  were  present 
in  the  emulsion  of  the  original  material  inoculated  into  Calves  155  and  157. 

References. — Final  Report  :  Page  15. 

Appendix  to  Final  Report,  Vol.  III.  :  "  Investigation  of  Certain  Human  Viruses 
of  Irregidar  Type." 
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PRlMARiV  STRAIN 

Str^/n  derived  From  Human  synovial  membrane,  .(/^rov^hG. P.  609. 
Tested  For  VirulencA'  after  (4-  months  arbiFical  cultivation. 
Subculture  on  Pig  Senum  used,  ZZ  days  old. 
14-.      10    .  04-. 


Kneejoint.  Virus  H.16  J.H. 


Ca/^es  /nocu/ate-d 


w/'th    strains  of 


527.  SuBcuT. 

DOSE,  50  MILLIGRAMMES. 


S^S.SUBCUT. 

DOSE, 50  MILLIGRAMMES. 


Culture    obtained  ak    'various  stages 
oF  the    subcutaneous  ^passage,  experiment 


PASSAGE 

Strs/n   deriyad  From  Ca/F  273.,  direct 
Tested  For  Virulence  aFter /O  months  artiFicM  culu\/aUon. 
Subculture,  on  P/^  Serum  used,  2Z  days  old . 
7.     12    .  04-. 

"1 


3^°  PASSAGE 


567.  SuBcuT. 

DOSE,  50  MILLIGRAMMES. 


573.  SuBcuT. 

DOSE, so  MILUGRAMMES. 


Strain    dBrived  From  C^/F  337,  dir&ct . 
Tested  For  Vlrul&nce  aFter  /3  months  art/flc/dl  cultivation 
Subculture  on  doylne.  serum  used,  21  days  old. 
2.6.  05. 


789.  SuBcuT. 

DOSE,,  SO  MILLIGRAMES. 


PASSAGE. 


Strain  derived  Frorp  CalF  3/7,  c//'rect . 
Tested  F(^r  V/'ru/enc&  aFter/O  months  artificial  cultivation. 
Subculture,  on  bov/ne  serum  used,  21  days  old. 
17.  05. 


711  .  SuBCUT. 


729 .  SuBcuT. 


DOSE,£0  MILUGRAMMES. 


/KILLED  22.5.  05. 

When  dy  'in^. 

35  DAYS 


795 .  SuBCUT. 

DOSE,  SO  MILLIGRAMMES. 


5"^^  PASSAGE. 


Straw  d&r/ved  From  Bull  4-Z3^  direct 
Tested  For  Virulence  aFcer  3  months  artlFicial  cultiyaUon 
Subculture    on  Pig  Serum  us&d,  Zl  days  o/d. 
3  .      M  .  04. 


559.  SuBCUT. 


DOSE,   50  MILLIGRAMMES. 


541 '.  SuBCUT. 


DOSE,  so  MILLIGRAMMES. 
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CHART  26a. 


VIRUS  H.  16.  "  J.H."   Culture  Inoculations. 

{See  Chart  26.) 


4 
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CHARTS  27,  27a,  and  27b. 


VIRUS  H.  17.  "Sp.  B."   Sputum.   June  24,  1903. 

The  original  material  of  the  virus  was  the  mixed  sputum  of  many  individuals 
suffering  from  ixdmonarj  tuberculosis,  which  was  subsequently  found  to  contain 
]3ovine  as  well  as  human  tubercle  bacilli. 

Nature  of  Disease  :  Phthisis. 

Material  used  {clinicdl)  :  Mixed  s])utum  from  many  patients. 

Explanation  of  Charts. — The  early  experiments  with  this  virus  were  made 
for  the  purpose  of  determining  viridence.  Clalves  were  fed  with  the 
sputum^  and  ])assage  experiments  Avith  enwlsio)/  of  tuberculosis  material 
derived  from  these  animals  were  carried  out  on  calves  and  goats.  [See 
Chart  27.) 

During  the  progress  of  the  certain  "  intravenous  passage  experiment " 
(Charts  27  and  27a)  an  apparent  increase  in  virulence  of  the  virus  took 
place.  Strains  of  culture  obtained  at  successive  stages  of  this  passage 
experiment  were  therefore  tested  as  to  their  virulence  for  calves.  {See 
Chart  27  b.) 

The  three  charts  in  question  present  the  results  which  had  been 
obtained  with  A  irus  H.  17.  Sp.  B."  at  the  time  of  the  issue  of  the 
2nd  Interim  Iveport,  and  Avhich  caused  the  Commission  to  include  it 
amongst  those  viruses  placed  provisionally  in  Group  III. 

References. — 2nd  Interim  Report :  Page  19,  para.  85  ;  page  32,  para.  56  ;  page 
34,  paras.  58  and  (JO  to  ()5  ;  page  00. 

Appendix  to  2nd  Interim  Report,  Vol.  IL  :  Pages  4  and  3!)7  to  452. 


Further  investigations  carried  out  by  Dr.  Stanley  Gritiith  on  tAvo  of  the 
Group  III.  viruses,  H.  13.  "  A.D."  and  H.  49.  "  T.C.",  which  had 
presented  features  similar  to  those  of  Virus  H.  17.  "  Sp.  B.",  showed 
that  these  irregularities  were  caused  by  a  mixture  of  bovine  and 
human  tubercle  bacilli. 

[t  appears  highly  probable  therefore  that  in  the  case  of  Virus 
H.  17.  "  Sp.  B."  bovine  bacilli  as  well  as  human  had  been  present  in  the 
sputum  with  AAdiich  the  calves  were  fed. 

References. — Final  Report  :  Pages  14  and  15. 

Appendix  to  Final  Report,  Vol.  III.  :  "  Investigation  of  Certain  Human 
\'i ruses  of  Irregular  Type." 
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CHART  27a. 


Completion  of  the  "Passage"  Experiments  with  Virus  H.  17.  "  Sp.  B." 

{See  ChiDt  27  ) 
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Virus  H.  17.  Sp.  B. 


CULTURE  INOCULAT  ONS. 


STRAINS     OF     CULTURE      OBTAINED  AT 


SUCCESSIVE 


STARES      OF    THE     INTRAVENOUS    PASSABE  EXPERIMENT 


I?:  PASSAGE. 

FEBRUARY  287'^  1905. 

STRAIN  DER,  v-ED  FROm  CALF  339 .  TH  ROUGH  G   R  1^35. 
TOTAL  DURATION   OF  ARTIFICIAL    C U LTI VAT! 0 N ,  8  MONTHS. 


681.  SUBCUT. 

DOSE,  so  MILLIGRAMMES. 


SEPTEMBER  BTy  |90S. 

STRAIN    DERIVED  FROM   CALFSS3  THROUGH  G  P  IS<-2 
TOTAL  DURATION  OF  ARTIFICIAL  C  U  LTI VATI  C  N,  3  MONTHS 

897.  SUBCUT. 

DOSE,  so  M(LUG«AMMES. 


3"?  PASSAGE. 

SEPTEMBER  ST"  1305. 

STRAIN  DERIVED  FROM  CALF  539,  TH  R  Ou  G  H  RABBIT  181. 
TOTAL  DURATION  OF  ARTIFICIAL    CULTIVATION.  10  MONTHS. 


8  91  SUBCUT. 

DOSE ,  50  M  I  LLt  G  RA  M  M  ES . 


911.  SuBCUT. 

DOSE,  50,|VilLLlGRAMMES. 


7""  PASSAGE. 

APRIL  IST'T  1905. 

STRAIN  DERIVED  FROM   CALF  571,  DIRECT. 
TOTAL  DURATION  OF  ARTIFICIAL  CULTIVATION,  MONTHS 
 L  


739.  SUBCUT. 

DOSE,  so,  MILLIGRAMMES. 


74  3  SuBcuT. 

DOSE.  50. MILLIGRAMMES. 
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CHART  27b. 


VIRUS  H.  17.  "  Sp.  B."     Culture  Inoculations. 

{See  Chart  27.) 


27676 
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Bronchial  Glands,  Virus  H.2I,  G.B. 

2^?   DECEMBER,  1903. 


433.  suBcuT. 

DOSE,      4.787.600,000  T.B 


447.  SUBCUT. 


285. 


SUBCUT. 

DOSE,        IS7.000.  T.B, 


KILLED    2.  3.  04. 

91  DAYS. 


CHARTS  28  and  28a. 


VIRUS  H.  21.  "  G.B."     Bronchial  Glands.     December  2,  1903. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man  from  a  calf  inoculated  with 
whicli  both  the  bovine  and  the  human  tubercle  bacillus  were  isolated. 

Nature  of  case  ;  Bronc/i/a/  (tUukI  'rubermlosis. 
Age  of  patient  :   16  years. 

Material  used  (  po.^it-morfem)  :  Bronchial  (Hands. 

Explanation  of  Charts. — Inoculation  experiments  (Chart  28)  on  calves,  with 
tissue  emulsions^  made  («)  to  determine  the  original  virulence  of  the  virus, 
and  (/>)  the  virulence  after  passage. 

Later,  cuJtures  obtained  from  Calf  4-17  were  tested  on  cah'es  {see 
Chart  2Sa)  and  were  found  to  be  \  iralent  for  these  animals. 

The  virus  was  excluded  from  discussion  in  the  2nd  Interim  Report 
(for  reasons  stated),  and  these  charts  are  now  included  because  the  virus  is 
dealt  with  in  T)r.  Cobbett's  report,  published  in  the  Appendix  to  the  Final 
Report. 

References. — 2nd  Interim  Report  :  Page  98. 

Appendix  to  2nd  Interim  Report,  V<j1.  11.  :  Pages  H  and  .515-530. 

Appendix  to  Final  Report,  Vol.  III.  :  "  Report  ow  the  Stability  of  Tubercle 
l>acilli  in  the  Living  Animal." 


1 


Virus  H.2I.  G.B. 


Bronchial 
Culture  In 


StT'oizo  der^i^&tl,  fhonv  Gxunje£cpTff  14-17,  (infectetL  from/ihe^PrescapidarGlcmdj  ofCoiZf^^^J^ 
TestSfL  /or'  vcraZe/Lc^  a/ter-  4^ Months  arti/idal/  cuZtwatiow. 
SThxT'ci  Su/> cultccr^e^  ow  having  ^er^uLrrv  used.  ,  Zl  dxj^s  old/. 

23.  3  .  05. 


669.  SuBcuT 


DOSE.  50  MILLIGRAMMES 


GLANDS. 
CULATIONS. 


DIED   17.  5.  05 

1   S5  DAYS 
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CHART  28a. 


VIRUS  H.  21.  "G.B."    Culture  Inoculations. 

{See  Chart  28.) 


YiRUS   H .  49  T.C, 


IVI 


CULTURE  INOCULATIONS. 


TotaZ/ 


ESENTERIC  GLANDS. 


NOVEMBER.  3P?  1905 


of  arti/laici7>  cul^atton/,     7  TVfnnfhA. 


4 
I 


959.  SUBCUT. 

DOSE.  50  MILLIGRAMMES 


[I]    JUNE,  JT"  1905. 

Strain/  dser^iMe^-fhoTn^JTizTTianjMe^enZeric/  GZarhSf, 
Tottil/  dii7^cc(£orL'  of*  artz/ldaL  ciiZt6i^cctLon/ ,    Z Months, 


[m]   MAY,  25T'^I906. 

ITataZj  dxJLT'atioTu  of  aj"ti/xjcialj  nz^tr'A^crtz^rt  .  J3'2  MonfJ^ff. 


1097.  SuBCUT. 

DOSE.  50.  MILL-IGRAMMES, 


NOVEMBER,  l?T-  1905. 

Stnainy  rlp^i^)^  ff-crm.   Calf  737  tZirect  . 
Totah  Air-ailnny  r/f  oT'tif^uciajL  cuMA'cttion ,  ZJro/vths. 


40 


CHART  29. 

VIRUS  H.  49.  "  T.C."   Mesenteric  Glands.   April  6, 1905. 

A  virus  obtained  from  a  case  of  tuberculosis  in  man,  subsequently  shown  to 
have  been  a  mixed  infection  of  bovine  and  human  tubercle  bacilli. 

Nature  of  case  :  Primary  Abdominal  Tuberculosis. 
Age  of  patient  :  18  years. 

Material  used  {post-mortem)  :  Mesenteric  Glands. 

Explanation  of  Chart. — Inoculation  experiments  (Chart  29)  on  calves  were 
made  to  determine  the  virulence  of  the  culture  obtained  from  the  original 
material,  and  to  test  the  virulence  of  the  virus  after  passage  through  the 
body  of  the  calf. 

It  was  found  that  the  original  virulence  fell  a  little  below  that  of  a 
bovine  tubercle  bacillus,  but  that  after  passage  through  the  calf  H.  49. 
"  T.C,"  was  fully  equal  to  a  bovine  virus  in  its  virulence  for  the  calf. 

These  irregular  results  caused  the  Commission,  in  the  2nd  Interim 
Report,  to  include  Virus  H.  49.  "  T.C."  amongst  those  viruses  provisionally 
placed  in  Group  III. 

References. — 2nd  Interim  Report :  Page  30,  ])ara.  53  ;  page  34,  paras.  60  to  65  ; 
page  89. 

Appendix  to  2nd  Interim  Report,  Vol.  II.  :  Pages  12  and  836  to  857. 


Further  investigations  (Chart  30)  subsequently  carried  out  by  Dr.  Stanley 
Grifiith  demonstrated  that  the  culture  obtained  from  the  original  material  contained' 
both  bovine  and  human  tubercle  bacilli,  whereas  cultures  obtained  after  passage 
through  the  calf  were  composed  of  bovine  tubercle  bacilli  only.  The  irregularity 
in  the  virulence  of  the  virus  was  due,  therefore,  to  the  presence  in  the  mesenteric 
glands  of  the  man,  as  also  in  the  culture  obtained  from  them,  of  human  as  well  as 
bovine  tubercle  bacilli  ;  the  former  bacilli  were  eliminated  from  the  culture  by 
passage  through  the  body  of  the  calf,  and  a  pui*e  culture  of  liovine  tubercle  bacilli 
remained. 

References. —  Final  Report  :  Pages  14  and  15. 

A])pendix  to  Final  Report,  Vol.  111.  :  "  Investigation  of  Certain  Human  Viruses 
of  Irregular  Type." 
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Passage  Experiments  in_Calves  with  the  jviixed  Cultures  derived  from  Virus  H.I3.A 
(CALF30I)  AND  Virus  hL49"T.C.'(IVlESENTERic  gland) 

The  original  cultures  were  Eugonic;  the  second  passage  cultures  were  Dysgonic. 
Virus  H.I3/A.D".  Virus  H.^-d"T.C". 


J7u!  cu/ture  derived  /roitt  Caf/'SO] 
was  irujcalabeA  ow  Marc/L  Z3, 1307, 
when  itliiAieen.  Sj'eyetir-s  Oi, 
artificial  cuZai'O/zon 

1175.  SuBCUT- 


dose:  lOO  MILUrGRAMmES 


Tim  culavi^  ripriye/ij/hom  the?iuma^u 
mexertfei'i^  ffland  was  xjzocuZated/ orf 
ApriL  ZO.  JdOTy-wJu-njithoul  heen,  Z- 
y ear's  iro  a/'tzJYjcLaZy  caZUvcUz/yny . 

1213.  SuBCUT. 

DOSE  :  50  MILLIGRAMMES. 


KILLED  (WHEN  WEU-)  12  .  6 -07.  81 


1237,  SuBCuT. 


K1LL£D(WHEK  VERY  ILL)3  a.07  S2DAYS. 


Culture 

Dera  iuL  froirvilieBTOTuilaal  gland,  of 
Calf  /X37.  Tiuiculatea,  owDfCy.  30. 1907, 
after        days  arOfLcial  cuitu'rctlorv. 


killed;  3.7.07.  ao  days 

(WHEN  IN  MODERATE  HEALTh) 


1263.  SuBcuT. 


KILLED-    8-10.07-    91  DAYS. 


Culture 

CaZf  IZSSJrwcjzZatejZ  on-Decy.  30. 1907, 
after  83  cCays  aj-tzf£ciatZ/  caMfOtiony 


1327.  SuBCUT. 


dose:  so  milligrammes 


DIED    26.1  .08.  27  DAYS. 


1347.  SuBcuT. 

OOSE.:  50  MILL.)  GRAMMES. 


KILLED  i^WHEN  ILL)  20.  2.03-  52  DAVS 


Inoculation  Experiments  on  Calves  with  Cultures  RAiSEPm single  colonies  obtained  by  means 

PLATE  CULTURES  FROM  THECaLF30|'  STRAIN  nFHjjO.&THEMESENTERIC  GLAND  STR^MN  OFH  49.T.C. 


Virus  H.IS.'A.D. 

CaZf  truieiiUitiul  on  ^cuv.  16.  7908, 
wWh  fhe  Euyoiiij:  cuZturcy  from 
Colony  If?  6.  (&.P.  Z605) 


Virus  H.  49."T.C. 

Co//' incci/lcrJ^d  an  .Vlrjiy  IS.  1908, 
with  theJLi'X/oruj-^  cri  l/urf^  from. 
Cf'Lony  N?  7  (a.P.  ZOIS). 


1343.  SuBcuT. 


1415.  SuBCUT. 

dose  ;  so  MILLIGRAMMES 


KILLED  ;£.  t!--08.  ao-  QAYS. 


killed;  as. 3-08.  102  days. 


CcOf  iruicaZcct&d  on,2^i>v.  JZ  .  1907, 
Colony  JV' Z  (G.P.  Z4^l) 

1301  ■  SuBCUT. 

DOSE:  100  MILLIGRAMMES. 


Ca/f-inoculatedy  o?iyMa)'  13.  1908, 
■wiOi  the.  Hiigonic  cuZiure.  from/ 
Colony Jf?  3  (&.P.  9J)]8) 

1387.  SuBCuT. 


00Se;50  MILLIGRAMMES. 


DIED:Z.I.0&.  51  DAVS 


DIED  ;  10.7.  OQ.  56  DAYS. 


CalfTn.oaJxite.6lyorvKo::  1Z.  1907, 
■witJvtTheyHysgonic  cnltwe.  from 
Colony  7\r?  5  (ff.P.  Z4-91.) 


1309.  SuBCUT. 


DIED  ,  12  .  l  i  07.  30  DAYS  . 


CctZF  irf^cuiated'on/jVov.  1Z.  J90S 
Colorf^N?  17.  (frJ'.  Z918) 


1501  .  SuBCUT. 


DIED  .  27    12- OS.  *5  DAYS  . 
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CHART  30. 

Showing  "Further  Investigations"  with  the  cultures  derived  from  Virus  "  H.13.A.D." 
(Calf  301)  and  Virus  H.  49.  "T.C."  (mesenteric  gland). 

{See  Charts  25  and  25a  and  Chart  29.) 

The  experiments  here  illustrated  demonstrate  that  these  cultures,  which  have  the 
cultural  characters  of  the  human  tubercle  bacillus  and  the  virulence  of  the  bovine 
tubercle  bacillus,  are  composed  of  a  mixture  of  bovine  and  human  tubercle  bacilli,  each 
slement  of  the  mixture  having  eventually  been  isolated  by  appropriate  means.  {See 
Chart.) 

References. — Final  Report:  Pages  14  and  15. 

Appendix  to  Final  Report,  Vol.  III.  :  "  Investigation  of  Certain  Human  Viruses 
Df  Irregular  Type." 
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n.^xfcr  \A/ixu  -rue  riii-riiDcc  rT^^>.  tuf  ORIGINAL  M  ATERI AL  :H  ■  60 ,  W.  B>'. 

Inoculations  in  Calves  with  the  lultures  from  thcu^ii^  — ^ 


Bronchial  glands. 


77/^  si^crJn^  was  de-r'f'y'e//y  froifu  tfie^ 
Tmman^  ironehixzZ/  glands  fhr'ouffh 
G^JP.  ^8Z6  anA  wees  inocaZate^i/  oiZ'June. 

oT'ti/leiaL  culti*'frMo7v. 

l099.SuBcuT. 

DOSE-.SO  MIL.L.1GRAMMES. 

/T-r:   —^Cr 


KILLEb(WHEN  DVING)l3.7.0e.  28  DAYS 


Zung  ^r'avz/Jv        18'ZT  a/ul  was  inaculated' 
arvMay       ^906.  when  it//iad,  lieew  60  da^s 
■/  arti/^cuxZ'  cuZttvaMortj. 

1081.  SUBCUT. 


All  the  strains  were  EugoniC 


LuN  G. 


DOSE  ;  so  MrLLIGRAMMCS. 


KILLED  20.8.06.  90  DAYS. 


a^n^as  JwcOateAor^May  /  1906 when. 
■ityJuul  been  -Mda^^  ^  a.t./u^  cula^cuu>r,. 

SuBCUT. 


|049^_SuBcyT. 


Meninges. 

Tfi^  strai/v  was  deT^yed.  from/ 

inoaiZae&d,  onMarch  ZS,  1S06.  wle^ 
Jiad'  ieert  36  days  in,  arrifljjaZ>  ctilUva. 


995.  SuBcuT. 


DOSE    SO  M  11-UI  GR  AM  MES 


KILLED  :  3. 8. OS.  9*  DAYS. 


KILLED  -.  2a  .  €    06.  32  DAYS. 


Experiments  showing  the  difference  in  virulence  of  two  strains  isolated 

BY  PLATE  cultivation!  FROM  THE  BRONCHIAL  GLAND  STRAIN  OF  ViRUS  H .  60"W.B". 


Colony  N?I  Strain  was  Eugonic. 


Colony  N?5  Strain  was  Dysgonic. 


/rum/  CoZo7iyJf?i  fffji  MS3.)  \ 


1481 .  SuBCUT. 

DOSE:  so  MILLIGRAMMES. 


i 


CcUr  r>u?cuZcctaii/  oil  Juty  30.  J.908 
wUhy  theyDysffoTltc  cizUzure,  ?~cU^&^ 
from  Colo77^A'?5.  (G.P.  Z4S9.) 


1425.  SuBCUT. 


DOSE:  50  MILLIGRAMMES. 


killed(wh6n  dying) 


9.  OS.  4-6  DAYS 


Experiments  on  Calvf.s  with  the  mixed  Culture  nrpiv.n  .phm  yLs  h.90."|.p:  fRFTRoPERiTOMEAL  glanhi. 

The  original  culture  was  Eugonic. 


The 


first  passage  cultures  were  Dysgonic. 


1383.  OUBCUT. 

D0SE:50  MILLIGRAMMES. 


killed:  8.10  Oa.  32  DAYS 


The.  strcurv  was  deriveO/ fr-om  tJi.a.  7mna/v 
r-etro-perUonecO/  fflaztO/  cUr&ct,  it  wal 
!M,ci,IateA  on.J-alvS,  JSOS .  whezv  it.  Aad. 
beer?,  340  days       ccrtifi^CaZ/  oziZiA-a^^ 


I47f 

.  SuBCUT. 

□OSE : ec 

MILLIGRAM  MES 

1 

1 

[ 

killed;  6.IO 

08.  90  DAYS. 

I48I.  SUBCUT. 


1425.  SUBCUT. 

dose:  50  MIUUlGRAMMES. 


KfUUEofwHEN  DYING)  1^-.  9.08  -  *6  D/> 


Experiments  on  Calves  with  the  mixed  Culture  derived  froivi  Virus  H.90."|.R  (retroperitoneal  gland) 


The  original  culture  was  Eugonic. 


The  first  passage  cultures  were  Dysgonic. 


znocvZjztec^  on.  Jtilv  S r  ^SOS.  wfieft  it/ lixut 
 I  


1383.  SuBCUT. 


KtLLED  :  6.  10. 08.  32  DAYS 


Culture. 

Der^ed  fi-orrv  the  piuHc-  glan/d/  of 
Calf  73&3jTtocuZate<i/ OTt  Ifovem^cf* 
ZS,  W08 .DurcUioTV  of  aT-ti/tc/Mlj 
cuZtivaJzon-  ■  48  days . 

1^89.SUBCUT. 


DOSE:  BO  MILl-IOHAIdMES 


OIED,  6  .1.09.  4.2  DAYS. 


1471 .  SuBCUT. 


DOSE  :  80  MILLIGRAM  WIES 


billed;  e.io.oa.  90  days. 


Culture. 


J)erived,  f)~omy  the  hroriclUaL  glarud/  of 
Coif  HZf.IriMCuZated'  oroKoveTnier  Z:i. 
]908,I>vj-aiion.  of  artifLciaJy  oultiycctiorv. 
■fSdco'S. 


DIED    14-.  [Z  .  oa  .  21  DAYS  . 
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CHART  31. 

The  Special  Investii^ation  of  the  two  Cultures  H.  60.  "W.B."  (Bronchial  Gland) 
and  H.  90.  "LP."  (Retroperitoneal  Gland),  isolated  since  the  issue  of  the 
2nd  Interim  Report,  which  exhibited  the  features  of  the  two  cultures  H.  13. 
"A.D."  (Calf  301)  and  H.  49.  "T.C."  (Mesenteric  Gland). 

VIRUS  H.  60.  "W.B." 

Nature  of  case  :  General  Miliary  Tuberculos/s. 
Age  of  patient  :  4  years.  7  months. 

Material  used  {post-mortem)  :  Bronchial  Glands,  l^ung,  Mesenteric  Glands, 
Meninges. 

Explanation  of  Chart. — Cultures  were  isolated  from  each  of  the  above-mentioned 
human  tissues  and  inoculated  (Chart  31)  into  calves.  All  the  strains  of 
culture  were  eugonic,  and  three  were  shown  to  be  slightly  virulent  for  the 
calf  ;  the  fourth  was  virulent  for  the  calf  (Calf  1099). 

By  a  method  of  plate  cultivation,  a  eugonic  slightly  virulent  culture 
and  a  dysgonic  virulent  strain  of  culture  were  obtained  from  the  bronchial 
gland  strain  (see  Chart  31,  Calves  1481  and  1485),  which  was  thus  shown 
to  be  a  mixture  of  bovine  and  human  tubercle  bacilli. 

References. — Final  Beport  :  Pages  14  and  15. 

Appendix  to  Final  Beport,  Vol.  I.  :  Pages  11,  16,  109  and  lV5  ;  Vol.  III.  : 
"  The  Investigation  of  Certain  Human  Viruses  of  Irregular  Type." 


VIRUS  H.  90.  "LP." 

Nature  of  case  :  Tuberculosis  of  Mesenteric  and  Retroperitoneal  Glands  (death 
from  pneumonia). 

Age  of  patient  :  70  years. 

Material  used  {post-mortem)  :  Mesenteric  and  Betroperitoneal  Glands. 

Explanation  of  Chart :  Cultures  were  isolated  from  each  of  the  above-mentioned 
human  tissues  :  the  culture  from  the  mesenteric  glands  was  eu2:onic  and 
slightly  virulent  for  the  rabbit,  and  was  not  further  tested  ;  the  culture 
from  the  retroperitoneal  glands  was  also  eugonic  but  proved  virulent  iov 
the  rabbit. 

The  retroperitoneal  gland  was  therefore  tested  on  two  calves  (Nos. 
(1383  and  1471,  Chart  31)  and  proved  to  be  virulent,  but  less  virulent 
than  a  bovine  tubercle  bacillus.  Cultures  from  these  calves  were  dysgonic 
and  equal  in  virulence  for  the  calf  (Calves  1489  and  1493)  to  cultui'es  of 
the  bovine  tubercle  bacillus. 

By  a  special  method  of  cultivation  there  wei  obtained  a  eugonic 
culture  which  exhibited  the  virulence  of  the  human  tubercle  bacillus,  and 
a  dysgonic  culture  Avhich  exhibited  the  virulence  of  the  bovine  tubercle 
bacillus. 

Thus  the  retroperitoneal  gland  strain  of  Virus  H.  90.  "  LP."  has  been 
shown  to  be  a  mixture  of  human  and  bovine  tubercle  bacilli. 

References. — Final  Beport :  Pages  14  and  15. 

Appendix  to  Final  Report,  Vol.  I.  :  Pages  7,  15,  134,  and  457  ;  Vol.  III.  : 
"  Investigation  of  Certain  Human  Viruses  ol  Irregular  Type." 
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3. 

(a.)  Two  charts  illustrating  14  viruses,  investigated 
after  the  issue  of  the  2nd  Interim  Report, 
showing  typical  features  of  Group  I.  or  Group  II. 

Pages  44  and  45 

{b.)  Seven  charts  illustrating  the  investigation  by 
Dr.  A.  S.  Griffith  of  19  lupus  viruses,  together 
with  one  lupus  virus  (H.  53)  investigated  by 
Dr.  Cobbett  and  re-investigated  by  Dr.  Griffith. 

Pages  46  to  52 


(c.)  Five  charts  illustrating  the  investigation  of  four 
equine  viruses. 

Pages  53  to  57 


I 


Inoculations  in  Calves  with  Cultures  from  the  six  virulent  human  Viruse 


Virus  H.69^FJ<; 


ABDOMINAL    TUBEp-CULOlSIS  ) 


7^e  strain'  was  ^er£ve<l /t'o?^^  th&Miman/ 
meserOeri^  fflands  t/v^ou^^  G^.P.  yS6Z, 
and*  was  iitocu/^tted'OrvJitZyZS.  f307. 
y^hewiA^/id^^eew ^69 days  vt' exrtzftcia^ 

1249.  SuBcuT. 


doss:  so  MrLLIGRAMMES. 


The,  Straw  Was  derived,  fl-(mut?ie^TruiKmaes 
ofxhe>if<uii/  ffn-oufflr  G.p.  :1924:  antl  wtis 
mocalate£''m  Ju7yZi,JS07.  wTien,  it  hadf 
ieen  389  days  in.  arti/icicU  cutfii'aeion^. 


267.  OUBCUT. 


KILLED  ;  I.  n.07.  lOI  DAYS* 


Virus  H.  89.  W.I. 


(PRIMARY    ABDOMINAL  TUBERCULOSIS) 


MORIBUND):  17. 9,  07.  56  DAYS  . 


Th£  sO-aznyivas  oCerii'ed,  fi-om  I7ie  Tiianan, 
he/iff  aa-oitffk  CP.  Z474-  arid  was  inoculated^ 
on,  Occoier  JSS,  7907.  w}i4!riy  it  fuid,  teen, 
JZ3  da}s  ill,  a/^fliciaZ  cuZtivaoion/. 


1275 .  SuBcuT. 


JT^e  strta^  was  d,erTved,  /romj  fjie  Tiuman/ 
lim^t/irim^7v  O.P.  Z4^74-,  oMxi  was 
inoazlatedy  on,  .Janiuuy  7S.  i908.  wT^en,  it, 
TuzSiteft  7/)S days  i/i.  aftzTieiaZ  ctdiiyatiori, . 

Ip5l .  SuBCUT. 

D(jsE;  50  Mri-L.IGRAMM  ES. 


killed:  7.2. 08.  I05  DAYS. 


KILLEd(whEN  DYINB):  2.3.08.  4*  DAYS 


Virus  H.  77.    R.  L. 

(primary    abdominal  tuberculo 

Th&  stram^  was  de/ri^ed/  frorn  t/^Le^-Jue/nffji/ 
masenterTC' ^Iccnds  di/'ect-  oM.d/'wccs 
zriociiZaied  on^  "Dec  -  7.  tvAen/zt 
Seeri^  S6jf  d^r.ys  iri  arfx/Lcia/..  cu/tiv- 

1349.  SuBCUT. 


DOSE:  BO  MILLIGRAMMES, 


DIED  :  Z6  .  IE.  or.  19  DAVS  . 


Virus  H.  88.  E.L. 

(PRl  MARY    ABDOM  IN  AL  TUBERCUtO 


27ie  st^'oirf.  -was  d^iyed.  frorto  t7ie 
7nesenteri/^  ^loTudj  andJ  was  rj7.Dc 

S5  days  m  a^'(i/Y/^ial'  cirMf  vatiorv. 


1271.  SuBCUT. 


dose;  so  milligrammes. 


DIED  :  10  .3  .  OT.  'VS  DAYS  . 


Virus  H.  I28."D.D.'i 


(tuberculosis  of  the  lungI 

nieso-cun  was  dcr-iyed  fi-om  JiumaA 
■-ipv/imv,  fiu-oiiffJv  G.P.  3584,  and,  was 
rj^cuZateA  o,„  June,  4-,  1909  wluavic 


1567.  SuBcur. 

-S^SE^^^M  I LL I G  R  AM  M  ES 


1579.  SuBcuT. 

dose:  so  MILLIORAMMES. 

- — CT 


LED,  WHEN  VERY, U)., 6.7.09.  «  DAYS. 


KILLED  (WHEN  DV.NG):      15.7.09.  da 


Virus  H.  127.  R.R.{l 

(TUBERCULOSIS   OF  THE  LUNG) 

J%s^  straiti  was  der-ived  fi-i/nv  fuunan/ 
sputum,,  X7ir-arxff7i/  G.P.  3'i-7-t  and  was 
inoculated  on.Ma}'J?S,  7.909.  w7ien,  it 
TimZz  heeny  89  day.s  in,  ca-dTzcial,  cuTtwr 

1585.  SuBCUT 


dose:  so  MILLIGRAMMES, 


KILLED  (WHEN  VERY  ill);  13.7.09.  ^  DAYS. 


44  CHART  32. 

'  INOCULATIONS  IN  CALVES  WITH  CULTURES  FROM  THE  SIX  VIRULENT 

HUMAN  VIRUSES." 

All  these  viruses  had  the  cultural  characters  of  the  Bovine  Tubercle  Bacillus. 
[See  Final  Report,  Appendix  Vol.  1,  pages  15  to  17.] 

VIRUS  H.  69.  "F.K." 

Nature  of  tuberculosis  :  Pr/'marj/  Abdominal  Tuberculosis. 
Age  of  patient  :  2  years. 

Material  used  (post-mortem)  :  Mesenteric  Gland  and  Meninges.  The  inocula- 
tions were  carried  out  with  cultures  derived  from  these  tissues. 

Reference. — -Final  Report :  Pages  11  and  13. 
Appendix  to  Final  Report,  Vol.  I.  :  Pages  111^  and  318. 

VIRUS  H.  77.  "  R.L." 

Nature  of  tuberculosis  :  Primari/  Abdominal  Tuberculosis. 
Age  of  patient  :  13  months. 

Material  used  {  -post-mortem)  :  Mesenteric  Glands.  Calf  134!;)  was  inoculated 
with  a  cidture  derived  from  this  source.  A  culture  obtained  from  the  liver 
was  also  investigated.    (See  reference.) 

Reference. — Final  Report  :  Pages  11  and  13. 
Appendix  to  Final  Report,  Vol.  I.  :  Pages  120  and  36L 

VIRUS  H.  88.  "  E.L." 

Nature  of  tuberculosis  :  Frimari/  Abdominal  Tuberculosis. 
Age  of  patient  :  8j  years. 

Material  used  {post-mortem)  :  Mesenteric  Glands.  The  inoculations  were  carried 
out  with  a  (■'ulture  derived  directly  fi-om  the  original  material. 

Reference. — Final  Report  :  Pages  11  and  13. 
Appendix  t<>  Final  Report,  Vol.  I.  :  Pages  132  and  447. 

VIRUS  H.  89.  "  W.I." 

Nature  of  tuberculosis  :  Primary  Abdominal  Tubercidosis. 
Age  of  patient :  4  years. 

Material  used  {post-mortem)  :  Lung.  Calves  1275  and  1351  were  inoculated 
with  culture  derived  from  this  source.  A  culture  obtained  from  a  mesen- 
teric gland  was  also  investigated.     {See  reference.) 

Re  erence. — Final  Report  :  Po,ges  11  and  13. 
Ap]>endix  to  Final  Report,  Vol.  I.  :  Pages  133  and  451. 

VIRUS  H.  127.  "R.R." 

Nature  of  tuberculosis  :  Tuberculosis  of  the  Lung. 
Age  of  patient  :  21  years. 

Material  used  {(iiniccd)  :  S];)utum  :  obtained  on  four  occasions,  7(!,  117,  and 
11(S  days  respectively,  after  the  first.  The  strains  of  this  virus  are  entitled 
H.  127.  "  R.R."  (a),  {b),  (c),  and  ((/),  respectively.  The  calf  (1585) 
depicted  was  injected  with  a  culture  of  the  {a)  strain.  ' 

Reference. — Final  Report  :  Pages  10  and  12. 

Appendix  to  Final  Report,  Vol.  I.  :  Pages  141)  to  151  and  4S,S  to  49G. 

VIRUS  H.  128.  "D.D." 

Nature  of  tuberculosis  :  Tubercidosis  of  the  Lunij. 
Age  of  patient  :  31  years. 

Material  used  {ciiniccd)  :  Sputum  :  obtained  on  two  occasions  at  an  interval  of 
lis  days.     The  two  strains  of  the  virus  thus  obtained  are  entitled 
^  H.  2S.    D.D."  («),  and  H.  ll^S.  "  D.D."  (/>).    The  calves  depicted  (1567 
and  1579)  were  injected  with  a  culture  of  the  {a)  strain. 

References. — Final  Report:  Pages  10  and  12. 

Appendix  to  Final  Report,  Vol.  I.  :  Pages  151,  152,  496,  and  500. 
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INOCULATIONS  IN  CMYESWimiSSUE  EMULSIONS  AND  CULTURES  FROMSUGHItjO^l-ENT  HUMAN  Vmuj 


Virus  H.8O/D; 


I.  Tissue  Emulsions. 


M. 


(tuberculosis  of  the  lung) 

W  czziia  centimetres  ofaro  er^^n. 
macfa/}-omt^Zunff,es07n^tef  to 
contaAv  J3.500.000  iiAercU  >'"f^ 
pey  C.C.  were.  uwaaZtUeel'mto  ec^c/i.  CctZT 
on-  JimcuLry  ZZ .  190/. 


I 

1131  .  SUBCUT, 

dose:   195,000,000  T.B. 


KILLED  :  23.1. Oa.  366  DAYS. 


Virus  H.  67.  E-P'. 


(multiple  tuberculosis  of  bones.) 

JT/ie  stra/ny  was  derh^&Z'/^om.y  t/ie-  orrg/ji/zl/ 
7r/-aCe7yjx^ (ptis  from.  fOscapuZar  aZtsc&ss) 
t7trozur7i/  G.J*.  ^9J4r,  a/i/^-n'oe  uiocziZtztedf on. 
Octi.  ZS.  '/S06.  wTverv  it.  AaO,  been/  :^OS  Oe^s 
in.  ctrtzficiaZ/  cuZtiyatio/z/. 

1169.  SuBCUT. 

dose:  so  mill.igra,mmes. 


killed:  24.I.07.  90  DAVS. 


ViRU5  H.  78.  p.p. 

(general  tuberculosis) 

37te.  strod/i.  was  de^cve^  fhorfi'  th&  7n.p^itn^es 
»/" ^e/  irocin/  t^oziff/v  GJP.  Z7ZZ.  cmA  n'os 
uiocaZate^  on,  3ica-c/i.  Z3,  J9  07,  wJien  it /tad' 
~beert,  TT'da^s  in^  ocr^i/iciaTy  c^^Zt^i■cUiony. 

1179.  SuBCUT. 


DOSE:  50  milligram  MES. 


C'OSE:  19S, 000,000  T.B. 


-LED  :  25. 4.. or.  93  DAYS. 


Virus  H.  SI.'P.W." 

(TUBERCULOSIS   OF  THE  LUNG.) 

70ca2iic  centiTnetres  ofaiv  emulsimt. 
jruzdeft-ornOie/Zunff,  estimated 
contodny  303.&00.000  tal)ei-ci/>.  ia^iUc 
per  C.  C.  were.  uwctiZaJbeil  vLto  each.  GxZr 
on/  Jarmary  30. 1907.   


141.  hiu 


BCUT. 


1 

1129.  SuBCUT. 

DOSE:    3,035,000,000  T.B. 


flLLEO:  ia.5.07.  ICS  DAYS 


n.  Cultures- 
Virus  H.74  "D.S". 

(primary    ABDOtvilNAL  TUBERCULOSIS) 


Tlie.  strain^  -WO/S  d^^ye^  f^o/Ti.  ^le,  Juuncuzy 

m^GuZa£e<l^  07v3fa^(^20,  ^SOZ^hen^it 
Jircrly  he€7i/         dc^s  zn^  ctrt^^cceil/  cziZtii^ccirGrry . 


181  .  SuBCUT. 


KIL.I.ED:  16.7.07.  MB  DAVS. 


Virus  H.SO.D.jM". 

(TUBERCULOSIS     OF   THE  Ll)ng) 

JTi^ str-az/z.  Ti^as  dercyec^/ro7n.V7//s.  hitmxzft/ 
^ztng  direct,  anxZ.  woes  znoctitatsd  on/ 
AprU.  fZ,  fS07,  -whefvrATiad/iS&rt.  S/Oar^ 
ire  oirei/ij2ial.  cultvi'a.tion/. 

I209.SUBCUT. 

dose:  50  IVHUUIGRAMMEk. 


||45.'SuBCUT.j 

DOSE;  3,03S,000^000  T,l 

5ftr- — ~  „,„ 


Killed:  io.s.  07.  ioo 


Virus  H.  75.  A.H. 

(primary    abdominal  TUBERCULOSIS 

Tfos.  str-azn.  wcus  det'ived.  fhoTn/  th&  /i/<zfumi 
peritoTwaZ,  flvdJlj  t/irouffh.  GJi  Z07S.cma> 
was  iiwctzlcUed' 07t/-Mitrc^^S,  /907,w7ien/ 
it/ha/i/  Tieen.  &9  dc^3  in/  ccfti/iciaZ  cidtivi 

1195.  SuBCUT. 


dose;  &0  MILLIGRAMMES. 


tLED  :  2* .  6  . 07.  97  DAYS, 


Virus  H.81.  P.W. 

{tuberculosis     of   THE    LUNG)  ^ 

Luria  direct'  a/uZ.  was  izMcz^atet//  on  April  IZ, 
yS07.-w/ien,  it  /ead  5p.ert/Z^  cia^s  in.  artiticrM/ 
cziZec^/oi.tii>n . 

1211.  SuBCUT. 


□  ose:so  miuuigrammes. 


Virus  H.  67.  E.P. 

(multiple  tuberculosis  of  bones.) 

J'/ie  strairo  wets  deriverZ/i^om- -CJi&  oriffinaZ/ 
matez-uz/^ (pits  from,  tt,scapiclcu-  aisc&sp 
ffirouffh/  ff.P.  /SM,  oMi'was  mocuZaied,  oro 
Octi.  ZS.  '/906.  w?i&v  it.  /ifcA  desn-'  ^OS  days 
in,  ar^ji^ixiccl'  cuZdi'atio/i: 

1169.  SUBCUT. 

dose:  50  miul.igra.mmes. 

— ^ 


killed:  2'^.l.07.  90  davs. 


Virus  H.  78.  P.P. 

(general  tuberculosis) 

o/*i^^  hT-can^  tkr'OTi^h/  G  JP.  ,2^7Z2.  and/  tt^-as 
inocaZa^ed^^  oTt  JMa^c/i.  Z^,  7007,  -kv?i£7Z  zt  hctd^ 

1179.  SuBCUT. 


DOSE:  50  MILLIGRAMMES. 


KILLED  :  26  .7.  07.  127  DAYS. 


Virus  H.87.  W.D. 

(tuberculosis  of  the  suprarenal  bodies.) 

Tile  strain,  was  clenvedi  fhcmv  iJie  sapr'afenal/ 
iotfy  t/u-aiiff/c  a.,  ffuineccpigr  cm^  wees  inocuZaeed/ 
ow  June      -^307.  tvAeri^it-fuiAbeeTU  5S  dtzr-^ 
in,  tvti/iciaL  cedtii'oUiony. 

1253 .  SuBcuT. 


dose:  so  milligrammes. 


n.  Cultures- 
Virus  H.74"d.S". 

(primary     abdominal  TUBERCLPL-OSIS) 


81  .  SuBCUT. 


KILLED:  16.7.07.  lie  DAKS. 


Virus  H.80.D.M 


(tuberculosis  of  the  llng) 

JZTie,  st7-azrL  was  deriyecC  fho7n,y/&  Ttunvaif 
ZMnff  direct,  am/,  wees  tThoexilat&eZ,  on, 
Apr'el  fZ,  7S0Z  w/ietvitTiezaieej-e^  Sida}--^ 
in/  ce/'iz/^'ci^'  caZtz^ez£u>n/. 


I209.SUBCUT. 


DOSE  :  so  IVSILLIGRAMME  > 


KILLED  ;  16  .  8.07.  IZ6  DAYS. 


(tuberculosis 


o 

If 


Virus  H.75.A.H': 

(PRIMAFIY    ABDOMINAL  TUBERCULOSIS) 

_7J%e  str-ezin,  wets  der-ived/fi-om-  the,  /uemem, 
pei~ttoneeiI/ fluijij  t/it-ozisrh.  G.B  WIS.eirid, 
wets  irwcttZetteel  on-Jtarc/iy73,/307.w7ien, 
z^TicceO^een-  £>9 days  ifi,  etfti/tczjxZ  etdHveL 

1195.  SuBCUT. 

dose;  so  MILLIGRAMMES. 


killed:  2*.  6.  07.  97  DAYS. 


Virus  H.81.  P.W. 

(tuberculosis  of  the  lung) 


-The  st^auz-  was  (/er^&d  fy^o/n,  tTie.  Tuunan^ 
Liz7iff  d^ect'  and  was  zrtocidoJte/^  on  April  fZ, 
7^07.  when/ zt  7iad  Seen/TJ^  days  z/v  aj'tz/icf^ 


1211  ,  SuBCUT. 


□  OS£:SO  M  lUUI  G  RAM  ME&. 


Kl  LLEO  :  I4-  .  B  .07.  124-  DAYS. 


Virus  H.  104.  E.R. 

OF  THE  LUNS  WITH   CALCAREOUS   MESENTERIC  GLANDS.) 

Jhasirumwets  eZerived  /horn,  i7ie7uemany 
ttmtjr  eZirect,,  ejere,dyvets  znoeuiatetl/  on, 
April,  Z.  J308.  when,  d/fueii  ieeri,  S'J  dctys 
in  etrii7u^icc7  cu^'i,'ct/iot/y. 


1393.  SuBcuT. 


1385.  Intravenous. 


killed:  I.10-07.  102  DAYS. 


DOSE:5-0  MILLIGRAMMES. 


DIED:  l.S.08.    29  DAYS. 
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CHART  33. 


'  INOCULATIONS  IN  CALVES  WITH  TISSUE  EMULSIONS  AND  CULTURES 
FROM  SLIGHTLY  VIRULENT  HUMAN  VIRUSES-" 

These  Viruses  all  have  the  cultural  characters  of  the  Human  Tubercle  Bacillus. 

\ See  Final  lleporr,  Appendix  Vol.  I.,  pages  15  to  17.] 


VIRUS  H.  67.  "  E.P." 

Nature  of  tuberculosis  :  Mn.ltiple  Tuhercu- 
/os/'s  of  1)011  es. 

Ag'e  of  patient  :  14  years. 

Material  used  {opereition)  :  Pus  from  a 
sca])ular  abscess.  Calf  1169  was  in- 
oculated with  a  culture  derived  from 
the  original  material. 

References.  —  Final  Report  :  Pages  1 1 
and  13.  Appendix  to  Final  Report, 
A^ol.I.  :  Pages  111  and  289. 

VIRUS  H.  75.  "  A.H." 

Nature  of  tuberculosis  :  l^rlmary  Ah- 
donu'iifj/  Tuberculosis. 

Age  of  patient  :  7  years. 

Material  used  {cliniced)  :  Peritoneal  fluid. 
Calf  1195  was  inoculated  Avith  a  culture 
derived  from  the  fluid.  A  culture 
was  obtained  post-mortem  from  the 
Lung  and  was  also  investigated  {see 
references). 

References.  —  Final  Re|)ort  :  Pages  11 
and  13.  Appendix  to  Final  Report, 
Vol.  I.  :  Pages  118  and  353. 

VIRUS  H.  74.  "  D.S." 

Nature  of  tuberculosis  :  Primary  Ab- 
ilomiiifd  Tuberculosis. 

Age  of  patient :  7  months. 

Material  used  {post-m,ortemi)  :  Mesenteric 
Ixland.  Calf  i LSI  was  inoculated  with 
a  '  culture  derived  from  the  gland. 
Cultures  obtained  from  the  human 
Lung,  Spleen,  and  Bronchial  Glands 
were  also  investigated  {see  references). 

References.  —  Final  Report  :  Pages  1 1 
and  13.  Appendix  to  Final  Report, 
Yob  I.  :  Pages  110  and  341. 

VIRUS  H.  78.  "  O.D." 

Nature  of  tuberculosis :  Genered  Tuber- 
cidosis  probablji  pirim.ari/   iii  Cerviced 
( I  la  I  u  Is. 
Age  of  patient  :  9  months. 
Material  used  {post-mortem)  :  Meninges. 
Calf  1170  was  inoculated  with  a  culture 
derived  from  this    source.  Cidtures 
obtained  from  the  Lung  and  Bronchial 
Gland   were  also  investigatated  {see 
references). 
References.  —  Final   Report:  Pages  10 
and  I'J.     Appendix  to  Final  Report, 


Vol.  L 


27676 


Pages  121  and  365. 


VIRUS  H.  80.  "  D.M." 

Nature  of  tuberculosis  :   Tuberculosis  of 

tlie  Lunp. 
Age  of  patient  :  33  years. 

f  For  Calves  1131  and  1141, 
Material  used  ]     Enmlsion  of  the  Lung. 
{post-         <  For   Calf   1209,  Culture 
mortem).}     obtained    direct  from 
V     the  Lung. 
References.  —  Final  Report:  Pages  10 
and  12.    Appendix  to  Final  Report, 
Vol.  L  :  Pages  124  and  391. 

VIRUS  H.  87.  "  W.D." 

Nature  of  tuberculosis  :  Tuberculosis  of 
the  Suprarenal  Bodies. 

Age  of  patient  :  21  years. 

Material  used  {post-mortem)  :  Suprarenal 
Body.  Calf  1253  was  inoculated 
with  culture  derived  from  the  Supra- 
renal. 

References.  —  Final  Report  :  Pages  1 1 
and  13.  Appendix  to  Final  Report, 
Vol.  1.  :  Pages  131  and  443. 

VIRUS  H.  81.  "  P.W." 

Nature  of  tuberculosis  :    Tuberculosis  of 

tite  Lunp. 
Age  of  patient  :  33  years. 

,  For  Calves  1129  and  1145, 
Material  used  \     Emulsion  of  the  Lung. 
{post-         /For  Calf  1211,  Cuhure 
mortem),  j     obtained    direct  from 
(     the  Lung. 
References.  —  Final  Report:   Pages  10 
and  12.    Appendix  to  Final  Report, 
Vol.  L  :  Pages  125  and  409. 

VIRUS  H.  104.  "E.R." 

Nature  of  tuberculosis  :  Tuberculosis  of 
the  Lunp  with  Ccdcareous  Mesenteric 
<ileinds. 

Age  of  patient  :  31  years. 
Material  used  {post-mortem.)  :  I^ung. 
Calves  1393  and  1385  were  inoculated 
with  a  culture  obtained  direct  from  the 
Lung.  A  culture  obtained  from  the 
Mesenteric  Glands  was  also  investigated 
{see  references). 
References.  —  Final  Report  :  Pages  10 
and  12.     Appendix  to  Final  Report, 


Vol.  I.  :  Pages  141  and  469. 
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Inoculations  in  Calves  mjHj}^ 


Lupus  Cultures  which  GROYyLyM_BOViN^ni^^ 


Virus  HJIO^ 


The  straijiytas  derrved  from  Uw  original 
maM-ialUa-mgh  a.P.3006.  and  was 
inoculated,  on,  July  2},  1908 .  when,  it  had, 
been  SO  days  uv  ariificial  ciM^ation. 

1483  ■  SuBcuT. 

DOSE,  50  MILLlt5RAMMES. 


lEO.  30.  8.08.    4-0  DAYS 


JTie  sirauh  y^as  (lervved-  from  the  original 
Tnaterial  -through'  GJ^.  Z9Z&.  ami  was 
inx)culaledj  o7v3fa^^ WOS.wTien  it  had' 
been  69  dojys  iiv  artificiaJL  cultuvatiorij. 

I4I9.SUBCUT. 


B.  (cu) 


The  strain  vas  dt-rived  from  the.  original 
material  ilwmgli  Cr.P.  3007  and  was 
inoculated  on'juli'.X/,  I  SOS.  when  it  had, 
been  98  da^'.3  in,  artificial  culwyatiow. 

1491  ■  SUBCUT. 

DOSE,  50  MILLIGRAMMES. 


DIED.  7.  8  -  06  .    17  DAYS. 


Virus  H.  100.  R.S. 

nr. 

The  strain.  w.y  derrved  from,  the  original, 
material  ikrough..  (rT.  2329.  and  was 
-rncculat^d  OTvJaTmary25,J909,  w7ien,it/iad^ 
been  3Z0  days  in,  artt/icial,ciLUvvatwn,.  ^ 


MeJ-ived,  fi-om,  t7ic  Ixmj  of  CaZ/'  14-19. 
In{>ctiZa.(B,£  on^DeceTriber-  3,  1908, 
a/tei*  76  days  or^xficrMZ/  cuZtwocttofi^. 


1517.  SuBCUT. 


DOSE, 50  MILLIGRAMMES. 


Derii-edj  frorn/tlie-  liver  of  CaZf  14-19. 
JtvocuZcUad^  orvJDecemder  18,  1908, 
a/ie>-  91  days  (XT'ti/tcial'  caltiycUiorL/. 

1511.  SUBCUT. 

DOSE, 50  MILLIGRAMMES. 


\ARUsJiJip.  J-B.f6j 

The  .^tminvas  derived,  fromihe.  original 
mxxterialihroug-h,  Cr.F.3Z90.  and  was 
mocidated  owDecemier  17.  130S.  wJumithml/ 
been.  59  dcoy-s  in,  artificial  ailtivatiow. 

1515  ■  SuBCUT. 

DOSC.  SO  MILLIGRAMMES. 


KILLED,  Z0.l-O9.(WHEN  DYI H  G)  34- DAYS  . 


The  strxufb  y^as  derived,  from  the  origina 
TnateriaLikrough  GJ^.  Z931 .  ami  was 
in4?culaie<i'  orvA^iiffitst-Z^.  70O8.  wheToit% 
beerv  748  days  in>  artiftcuil  culxlvatun 

I409.SUBCUT. 


DOSE  ,  100  MILLIGR, 


or Ch2/'  74-09. htocziZcUeA7  on/JebrzLor^- 
77,  7909.  a/^  58  days  cirtifLcicd^ 

1543.  SuBCUT. 

DOSE,  so  MILLIGRAMMES. 


JLLED.  18.9.08-  122   DAYS.  KILLED.  8.  4.  09. (WHEN  DYING)73  DAYS. 


KILLED  .^0^  09.    95  DAYS. 


Culture 


J)erived-  fi-omy  the  tan^  of  CaZf  f'HS. 
InocvZateA  oivDeosmJier-  3,  /SOS. 
after  76  days  ai-ti/icial'  aiZtu'ationy. 


1517.  SUBCUT. 

D0SEi50  MILUGRAMMES. 


 1 

Culture 

JJeriii'ecL-  fi-om/the-  liver  of  Calf  1'H9. 
JrvocvZateO^  dn-Deaemier  18,  1908, 
after  31  days  oT-ti/iciaL' caZtivcieioTZ/. 

1511 .  SuBCUT. 

DOSE. 50  MILLIGRAMMES. 


DtED  25.12.08.    22  DAYS 


DIED  26.1-09.  39  DAYS. 


Virus  H.III.  S.E. 

The'  strairoy^as  dervved-from  iho  tiriginat 
material-ekraugh       3009.  and  was 
inecuLateA  on  Jidy 23,1908. whenithxul 
beemSI  days  inj  artifuiijxJi  oMxatwrv. 


14-29.  SuBcuT 


DOSE, 50  MILLIGRAMMES 


1459.SUBCUT. 


nfl<^F..fiO  MILUIGRAMMES. 


KILLED. 29. lO. 08.  98  DAYS. 


KILLED  .23.  10.08.    32  DAYS. 
(WHEN    DYING  OF  URETHRAL  OBSTRUCTION) 


KILLED.  21.  IZ  08.  lis  Dl 


Culture 


Derived iromy  the-  rrvecUoMiTLaL  cfU 
ofdtZf  1409.Inx>caZat4idy  oTvTebnu 

17, 1909.  after  58  days  artificial' 

cultiv€ctio?ty. 

1543.  SuBCUT. 


DOSE,  SO  MILLIGRAMMES. 


CILLED  23.3. 09. (WHEN  DYING)  34- DAYS. 


yiRusji,_9LJi^- 

The  strain^as  derived-frcmihe  original 
materialiJirough  GF.  Z690,and  was 
tneculaled  on,  Jan,.  20,  1908 .  when,  it  had, 
been,  8Z  dxvy-s  in.  artificial  cuMyatumj. 

1353.SUBCUT. 


DOSE,  BO  MILLIGRAMMES 


KILLED.  16.  5.08-  119  DAYS. 


Weller&OrehBm.  L'^  Lirho.LondOf 
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CHART  34. 

Inoculations  in  Calves  with  four  of  the  Lupus  Cultures  which  grow  like  Bovine 

Tubercle  Bacilli. 

[See  Appendix  to  Final  Report,  Vol.  II.  :  Page  28.] 

VIRUS  H.  110.  "  J.B."  (a)  and  (b).  Lupus  of  face  and  trunk;  disease  <f  about 
four  years^  duration.  The  cultures  were  derived  from  {a)  the  right  flank, 
and  (/>)  the  right  tliigh. 

Age  of  patient  :  10  years  at  the  time  the  (a)  strain  was  obtained  ;  the  {b) 
strain  was  obtained  six  months  later. 

The  Chart  shows  the  results  of"  inoculation  experiments  on  calves  with  cultures 
obtained  from  both  (a)  and  {b)  strains  of  the  original  material. 

References. — Final  Report:  Pages  16  to  19. 

Appendix  to  Final  Report,  Vol.  II.  :  Pages  64,  65,  449,  and  460. 

VIRUS  H.  100.  "  R.S."  Lupus  of  face,  neck,  arm,  and  hand  ;  duration  of  disease, 
17  years.    The  culture  was  derived  from  the  arm. 

Age  of  patient :  o7  years. 

'I'he  Chart  shows  the  resulis  of  inoculation  experiments  with  ciiltiu'es  on  calves 
made  to  determine  (i)  the  original  virulence  of  the  virus,  anrl  (ii)  the  virulence  of 
the  virus  after  residence  in  the  body  of  the  calf. 

References. — Final  Report  :  Pages  16  to  19,  30  and  31. 
Appendix  to  Final  Report,  Vol.  II.  :  Pages  52,  134,  and  319. 

VIRUS  H.  111.  "  S.E."    Lupus  of  neck ;  duration  of  disease,  10  years. 
Age  of  patient :  1 7  years.  , 

The  Chart  shows  the  results  of  inoculation  experiments  on  calves  with  a  culture 
obtained  from  the  original  material. 

References. — Final  Report:   Pages  16  to  19. 
Appendix  to  Final  Report,  Vol.  II.  :  Pages  66  and  463. 

VIRUS  H.  91.  "H.S."    Lupus  of  chin    duration  of  disease,  o|  years. 
Age  of  patient :  9|  years. 

The  Chart  shows  the  result  of  an  inoculation  experiment  (m  a  calf  with  a  culture 
jf  the  original  material. 

References. — Final  Report  :  Pages  16  to  19. 
Appendix  to  Final  Report,  Vol.  II.  :  Pages  49  and  297. 


I 


I 

I 


-4. 


Jest  In^^^u^^ns  n  Calves  and  Passage  Experimentswith  two  of  the  Lupus_Cultu 


ViRusH85ji 


WHICH    GROW   LIKE   BOVINE  TUBERCLE  BACILLI.. 


17iy>  streiuv  tvas  (Ifn'ved  /hom/^ve.  o 
Trfxitef-icil  ^iroitff?!,  fiJ>23€3,  €ifid.  was 

1289.  SuBCUT. 

DOSE  ;  50  MILLIGRAM  M£S. 


jrfJt^^'^^'  ^f^ff^ff/f  O.HZSGS.  cui^%vas 
^eert  7Sf)  rf/j^'s  ui  ai'ti/^'aZ  CfrZtivee/fon/. 
1331,  SuBCUT. 


.1  GRAMMES. 


Virus  H  I08.H.R. 


materiaZ^t/a-ou^A  CiJ>  Z957.  cuiA  was 
iruiciaatad.  ori,May  /9,  MOa.  w/t^yO'/iaA 

1417.  SuBCUT. 


.9  .08.  IZ6  DAYS. 


1319.  SuBCUT. 


1533 .  S  u'bcut. 


C  U  LT  U  R  E  . 

ofrrrtr  fUT.  Inx>r.u/trterl  on,  Jan,.  IS  1909. 


1537.  SuBcuT. 


Culture.! 

706  tZa^s  a^C(^»yUU'  cu^^aA 

1539 ,  Su B c Sit. 


dose;. 50  s 


killed:  11.3.0a.  no  days. 

I 

EMULSION  OF  PRESCflPULAR  OL, 


1 397^.  SuBcuT. 


;  Z7  H-.O^.    96  DAYS  . 


Culture. 

of  Calf  K37  Iruit:ulcuea  071-  OcO.  6. 7909. 
a/'ter'  767  dftys  ofd/r^iaJ  caZ/iA'ationy . 

1605.  SuBCUT. 


Culture. 

.DeriyetZ' Trom'-fTic  JBron^hu 
Calf 7539.  Jrwca/M^d  omAiS^  Z 
a/'ter-  96  days  aftzTi/yyr/.  cuUiyajb 

1509.  SuBCUT. 


Culture. 

Ver-f'veA  /hoTTi.  ^70-^  T7/,or-a./7Co  ffJ/ZTTyZ 
orCa/y  7.397.  IriocuZaisa,  on,  Oat,.  3 . 790S. 

1445.  Subcut. 


Cu 


i 


377i£  straift/-was  derived  Tr'OTn,  t/ie-  oT-i/7uuxj!, 
maien^  r7if'oaff7i,        2357.  ajif7  was 
viocaZaeed/ OfvSffp,.9.  730S.  w7tcn,ic 71007, 
^eerL,  770 days  t/^,  a^f77Y^f'a7y  ci^Txiva/Ton,. 


14-2  I .  Subcut. 


lture. 


TJer-v^eO-Ti  am,  t7uijyraoUajrCifw,j:,  r/latud, 
ofOdy  .  J7u,ruyM/^^Z  OTu^-Ki  77 7909. 
aTta-  -^^  oU,y.s  ojtmcccU,  cu7jUva£ion. 

1531  ■  Subcut. 


Cu 


lture. 


TlertyeO, /i-om,  l^ie.  /.ever  of  OxTf  7637 . 
TnocitTiited,  on,  June  ZS.  7.y09,  riT'ie^ 

1565  .Subcut. 


'  S  10  .  OS  .    99  DAYS  . 


Cui 


J>>riveA  from/  t7u!  Sp7«en,  of  Ca/y  7,7X7. 
TrrjiruZafeO,  on  Tel.  XT,',  7909 .  a7'eer 
&9day3  ai'ei7^ci,aZ  cuiiiyazi^n,. 

1553.  Subcut. 
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CHART  35. 


"Inoculations  in  Calves  and  Passage  Experiments  with  two  of  the  Lupus  Cultures 
which  grow  like  Bovine  Tubercle  Bacilli." 

[See  Appendix  to  Final  Report,  Vol.  II..  page  28.] 

VIRUS  H.  105.  "  Gr.S."  Lupus  of  palate,  nose,  upper  lip,  and  cheek  ;  duration  of 
disease,  1  year.  Tlie  culture  was  derived  from  nodules  excised  from  the 
nose  and  the  cheek. 

Age  of  patient :  1 5  years. 

The  Chart  shows  the  experiments  on  calves  made  to  determine  (1)  the  original 
virulence  of  the  virus,  and  (2)  the  virulence  after  residence  in  the  bodies 
of  successive  calves. 

References. — Final  Ueport  :  Pages  Ki  to  19,  oO  and  31. 
Appendix  to  Final  Report,  Vol.  II.  :  Pages  58,  140,  and  361 


VIRUS  H,   107,  "  H.H."     Lupus   of  face,  neck,  and.  arms ;  duration  of  disease, 
8  years.    The  culture  was  derived  from  the  right  elbow. 

Age  of  patient:  17  years. 

The  Chart  shows  experiments  on  calves  made  to  determine  (i)  the  original 
virulence  of  the  virus  and  (ii)  the  virulence  after  residence  in  the  bodies  of  successive 
calves. 

References. — Final  Report  :  Pages  16  to  19,  30  and  31. 
Appendix  to  Final  Report,  Vol.  II.  :  Pages  60,  144,  and  395. 


Virus  H.I53.  D.H. 


lupUs. 

Culture  Inoculations. 

STRAIN     DERIVED     FROM      HU'MAH       SKIN,    THROUGH  G.P.  1482. 


OCTOBER  1905. 


TOTAL  DURATION   OF  ARTIFICIAL  CULTIVATION   8'/z  MONTHS 


MARCH  30^"I906. 


TOTAL   DURATION   OF  ARTIFICIAL  CULTIVATION,  l4->4  MONTHS. 


905.  SuBcuT. 

DOSE,  50,  MILLIGRAMMES. 


MARCH,   I8T':'  1906. 

STRAIN   DERIVED  FROM   CALF   90S,  DIRECT 
TOTAL  DURATION  OF  ARTIFICIAL  CULTIVATION,  2Va  MONTHS. 


973.  OUBCUT. 

OOSe,  lO.MiLUGRftMMES. 


KILLED  14-6.06. 
88  DAYS . 


975,  OUBCUT. 

OOSE,  JO,MlLLIGRAMMES. 


KILLED         6  06. 

ee  DAYS. 


977.  SuBcuT. 

DOSE,  50. MILLIGRAMMES. 


979.  SuBcuT. 

DOSE,  50, MILLIGRAMMES. 


KILLED  29.  G  06, 


1001.  SuBCUT. 


DOSE,  50  MILLIGRAMMES. 


993.  SuBCUT. 

DOSE, SO.M  I  LLI  GRAMMES. 


KILLED  I4-,  6  06. 
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CHART  36. 

Test  Inoculations  in  Calves  and  Passage   Experiments  with  two  of  the  Lupus 
Cultures  which  g-row  like  Bovine  Tubercle  Bacilli. 

[Sec  Appendix  to  Final  liejun-t,  Vol.  II.,  pa$j;e  28.] 

VIRUS  H.  85.  "  H.B."    Lupui<  of  flu  nose  ;  duration  of  disease^  about.  3  montlis. 
The  culture  was  derived  from  scrapings  from  the  nose. 

Age  of  patient :  years. 

The  Chart  shows  the  experiments  on  calves  made  to  determine  (i)  tlie  original 
virulence  of  the  virus,  and  (ii)  the  virulence  of  the  virus  after  residence  in  the  bodies 
of  successive  calves. 

[For  experiments  with  Virus  H.  85.  "  H.l>."  on  Pigs  and  (loats  .sy^(^  Chart  39.] 

References. — Final  Re])ort  :  Pages  16  to  1*). 

Appendix  to  Final  Report,  Vol.  Tl.  :  Pages  46,  147,  and  265. 


VIRUS  H.  108.  "  H.R."    Luyus  oj  the  face ^  arm^  and  hnttock  ;  duration  of  disease^ 
5  f/rars.    The  culture  was  derived  from  the  arm. 

Age  of  patient :  8^  years. 


The  Chart  shows  the  experiments  on  calves  made  to  determine  (i)  the  original 
virulence  of  the  virus,  and  (ii)  the  N'irulence  after  residence  in  the  bodies  of 
successive  calves. 

References. — Final  Report:  Pages  16  to  ID,  30  and  31. 
Appendix  to  Final  Report,  Vol.  II.  :  Pages  62,  137,  and  421. 
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AN 


Test  Inoculations  in  Calves 

THE_CIJLTyRf^ 

THE  ORIGINAL  MATERIAL  OF  H 


mfinu-ral  tJifiiiff/t  fi-P.  SZI5,  artO/  Vfas 
/toAieert.  S3  day,:  iri,  eirti/toiaZ'  fa7:eivcUion, 
1507.  SUBCUT. 

Dose:  so  MH-LIGHAMM  E3. 


Culture,  . 

J}'^a''A/7'tjTro  tJte  jior-taZ/  

(?r  Ca7/'!507.  iTWCulcUeti  oruiTarc/i'  Z, 

1555. SuBCUT 


t 


Cu 


LTURE. 


ffloTi^  or  CaZ/"  /SSS  .T7zoct/Ztxt(i<l/  oro 

1563.  SuBcuT. 


DOSE:  50  Ml  LLI  GR 


.1.)  17.8.09.  87  DAYS. 


Culture. 

^-"^^  ^563.  Tnocu7a£p^  o/i  Ore/iier  6. 19^ 
a/ier  50  days  oTfi/iciaJy  euMvaMoro. 

1599.  SuBCUT. 


D  Passage  Experiments  with  ijjEUJPUsJ^iRUS^^ 

FROM  WHICH  GROW  LIKE  BOVlNEJLMlifi^'-^  BACILLI. 

07    vcaRS  AFTER  THAT  OF  H  53.  D.H.  (a^). 
3.D.H.  (h)  WAS  TAKEN  FROM  THE  PATIENT  3 /'IZ  YEAK3 


Virus  H  53.  DJi.  (h). 


jnateriaZ,  t/irou^7o  GJ>  3Zt6.  <ma  >vas 
JuiA'I'em  7X0  Says  in  arti/iciti/  cr'Z^'^ 


I,u>culaAc'jonyApr-a  XS.  1909,  ayter 
JOS  cU^s^  fy^yicCcrZ  cfx7j-Xi^a/Ao7£^. 

1559.  SuBCuT. 


Cal/"  JS4S ,Inooulcr6ady  on.Miiy  fi.  190 
I 

1561.  SuBCUT. 


3 : la  S.09. 


Virus  H  53.  D.H!  (w) 


_7%^  stf'fieri'-n'as  ^eft't^e^ f^w//.  t7/f 
rr/^crtZalcc/'  on  Jaftiuwy  2-'J-  J007. 


'VCtS 

itTiad/ 


1155.  SuBCUT. 


DOSE.  -.  50  MILLI  GRAMMES. 


J7ie  yifus  ivrzs  pctssetZr  in  tissue^  ezritj^iorus 

r-ecov^'i^ /y-orrt,  tfw.  iccsC  of  0m  defies 
zn^e/t^  ^o^oTt^  Cir//'  yvfj-s  SOS  days. 

CULTURE. 

a/'eer-  73^  days  ce/'ti/KcuiL  ciil£ci^cU7Mr^y^. 
I 

1461.  SuBCUT. 


1135.  SuBCUT. 


30SE:  60  MILLI 


lO  *  .  07,  79  DAVS  . 


w/7t^  a.seJ-Oas  of-rfu-es'  mar-e  Calves  trf 

(,  a7/f/'  the.  culfu^a.  tvexs  recaver-ed. 


i.  e/t^  liot^  ort/t^  Ca^'  days. 

Culture. 

XtVfi  vfd-  /ho/n  fZ-  mLprar&tal'  bccty  ofQdf  J3'fJ- 
Aorri/jT/eO.  on, September- 3.  J&Oa.a/'ter 


Oa    96  DAYS- 


Culture  . 


J6f;J.jTtor^iZate^  (?n.,July  /6,  /SOS. 
31  days  afit'/tcLol  caZttMotioTi/. 

157!  .  SUBCUT. 
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CHART  37. 


VIRUS  H.  53.  "D.H."  Lupus. 

H.  o3.  "  D.H."  was  the  only  lupus  virus  which  had  been  obtained  and  partly 
investigated  at  the  time  of  the  issue  of  the  i^nd  Interim  Report.  The  patient  from 
which  it  was  obtained  was  a  girl  aged  15  years  who  had  suffered  from  the  disease 
since  childhood  :  the  lupus  was  situated  on  the  hip.  Cultures  w(!re  isolated  thr(.)Ugh 
the  guinea-pig  from  scrapings  of  the  diseased  area. 

The  virus  was  provisionally  placed  by  the  Commission  in  Group  III.  in  that 
report,  pending  further  investigation  ;  since  its  virulence  appeared  to  be  intermediate 
between  that  of  Group  T.  and  that  of  Group  T[. 

Chart  3  shows  the  nature  and  extent  of  the  first  in\estigation  ;  inoculation 
experiments  were  carried  out  on  calves  to  determine  (i)  the  original  virulence  of  the 
virus  aiid  (ii)  whether  any  alteration  in  the  ^•irldence  of  the  virus  for  the  calf  had 
occurred  as  a  result  of  residence  in  the  l)()dv  of  the-  calf.  It  will  be  seen  that  no 
alteration  in  virulence  was  demonstrated. 

References. — 2nd  Interim  Report :  Page  oO,  para.  52  ;  page  34,  paras.  60  to 
65  ;  page  89. 

Appendix  to  2nd  Interim  Re])ort,  Vol.  II.  :  Rages  16  and  882  to  S97. 


Further  investigations  were  carried  out  by  Dr.  Griffith  subsequent  to  the  issue 
of  the  2nd  Interim  Report,  not  only  with  tlie  original  culture  of  Virus  H.  53.  "  D.H." 
(now  called  H.  53.  "  D.H.''  («))  l)ut  also  w  ith  material  obtained  from  the  same 
patient  3  years  and  7  months  later  (Virus  H.  53.  "D.H."  H>)).  (See  Chart  37a 
for  details.) 
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CuiTimlNOCULATi^^ 


Virus  H.  102.  N.H. 


The  sttvin-yva-s  (U-rrved  from  the  oriffinal 
TTiaterial  i]iroitgh  G.P.  Z-934  and.  was 
inoculated.:  ofoMuy.  ZO.  iSOS.whenithad^ 
been  SZ  dwys  in,  artificial  culUvaiion/. 

1423.  SuBcuT. 


Virus  H.  84.  M.S. 


Jhe  sfrufit'-wa^  derived  from  tlie  vriginaL 
materiah -through-        ZZ77  and,  was 
-moculcUed'  orbAuffUSt  7,  ^907.when.  it  futd 
been  W2/  dw^'S  i/h  arfi/iciaL  cuJii/vation/. 

1273.  SuBcuT. 


Virus  H.  I03."N.S. 


The  strain,  ^as  df  -rvved  from.  iJie  urigi'^ 
TTrnterialiJa-oiigh.  GJP.  Z940  aridviOS 
inoctdated  oroMay  20  !90S .wfien/ii/had/ 
been  S3  days  in.  arCificiat  luUif^o^^' 

1457.  SuBcuT. 


/// 


Virus  H. 101.  E.G. 


The  strain, -was  derived  from  (Jie  originaL 
TnaterialHa^augh  GJ^  293  Z  and  was 
inoculated  o/vMzy  2Z  /908 .  wlien.  it  had 
been/  5G  da/ys  inj  artiTiciat  cuULvaiion/. 

1447.  SuBcuT. 


ViRus  H.  106.  K.R. 


The  strains-was  derived  from  the-  original 
Tfialeriai  -Otrough  G.P.  Z952  and'  was 
inoculated  on>ApriJ Z8,)9P8 .  wIierL  a  had 
been.  38  days  -{jv  ortiTicial  cuULvation. 

1403.  SuBcuT. 


t 


Virus  H.  114  A.U. 


Tlie  stJ^n  -was  d^'Hved  fronv  tfie  original 
■nuuerial  and.  waji  inM(UiXa^.e^  071/ 
Septerribef^  ZZ.  7908.  -ivTmrv  itlicut 
beejv  j44 d^ayS  in,  ajHificicd- cultivation'. 

1467.  SuBCUT, 


ViRub   H  .  71 /LV" 

J7t£  .ttm/nv/aji  d^n-vctlfrem  ihts  vriginaL 
TTUUerial  Hiraugh,  ffj?  1937  and  was 
m^cuLxud  on  yarr-mbei-S.  J306.  wlu-,v  it  liad 
been.' 78  da.v.i  in,  artificiaj.  cutajvatiorv. 


1  153.  SuBCUT. 


KILLED.  12.2  07.    95  DAYS. 


viRusjnosjyi^.^ 

The  sfraifb  was  (Umed  from  Hut  original 
material  ihrmigh  ej?  300Z  and  was 
ifttculaled,  on  Jujna  a.  J  90S.  wfien  U  had, 
been,  60  days  in,  artificial  cuUtvaUon.. 

1437.  SuBcuT. 


Jlie  strain,  -was  Of-rived  from  1h&  uj-iqinal 
material  -through'  GT.  Z59Z  ank  was 
viocalated  on,  Jamuxry    ^908.  \jt£/i,  ztfuid. 
been  64  days  in,  artificiaL  atttivaticn,. 

1317.  SUBCUT. 


Virus  H  .  112.  B.B. 


The  stJvin  yvas  derived  from  the  original/ 
material -through  G.P.  304^2  and  was 
inocidaled  07v  July  28,  3908 .  when,  it  had 
be&i  63  divys  in.  artificiaL  cuJxivationj. 

1427.  SuBCuT. 


Virus  H.99.  L.K. 

The  strain-  was  derived  from  Hie.  vriginaL 
■nmterial  -through  GT.  Z927  and  was 
inoculated  onu^ril 3,  3908.when.it  had 
been  Z8  days  in,  artificial-  cultivation/. 

1401.  SUBCUT. 
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CHART  37a. 


Test  Inoculations  in  Calves  and  Passage  Experiments  with  the  Lupus  Virus  H.  53. 
"  D.H."  (rt)  and  U'),  the  Cultures  from  which  grow  like  Bovine  Tubercle 
Bacillus. 

VIRUS  H.  53.  "  D.H.''  {(i)  and  {(/).    Lupus  of  flic  Hijj  of  man; i  years  duration. 

n       n     X-    J.     V  15  yeiiVii  when  the  (a)  strain  was  obtained. 
Age  of  patient :   J  .of 

The  Chart  shows  diagrammatical ly  the  results  in  Calves  (i)  of  inoculating 
culture  of  the  (a)  strain  of  the  virus  two  years  after  its  isolation,  and  (ii)  of  passing 
this  strain  through  the  bodies  of  calves.  The  results  are  seen  to  be  similar  to  th<«e 
obtained  wlien  the  virus  was  tested  nearly  two  years  previously.    {Si'c  Chart  o7.) 

[For  Exjieriments  Avith  H,  oo.  («)  on  Pigs  and  Goats,  see  Chart  39.] 

The  Chart  shows  also  the  experiments  made  with  the  {b)  strain  of  the  \  irus  to 
determine  (i)  its  original  virulence  for  the  calf,  and  (ii)  its  virulence  after  residence 
in  the  body  of  the  calf.  It  will  be  seen  that  the  virulence  of  "  D.H."  (h)  is  apparently 
higher  (for  the  calf)  than  that  of  "  D.H."  (a)  but  that  the  \  irulence  was  not  increased 
by  '  ] massage.' 

References. — Final  lieport  :  Pages  IG  to  11),  30  and  31. 

Appen<Ux  to  Final  Report,  Vol.  II-  :  Virus  H.  53.  "D.H."  («),  pages  2S,  38, 
14<J,  164.    Virus  H.  53.  "  D.H."  (h),  pages  28,  43,  156,  219. 
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Pigs  and  Goats  iNOCU_LAtEp  with  Cultures  from  three  Lupus  Viruses. 


Pigs. 
Virus  H  .  53 ."d . 


H  (a) 


yyte.^-ain/wcts  (ieriye€€/rom/t?tyi  orufi/mh7n.aieriaZ/ 
Z5,  7907.  H'/ie/i  iZ/Jutd,  tfeen.  7Z3  elmrs  w  i^d/icutl/  adf^'vafh? 

,  L-Zl  

65.  SUBCUT. 

(Age  63fon&t/!) 


see  DArs. 


Virus  H.92.  D.n" 

730S.  «;/w  I,eerc  Sf  Oays  ir,  a,t,yi,:f^  cz^ZfiJa^^ 

107.  i^CUT.  l09.SuBtuT 


Tfie  strac/i  was  derated' /ho/n-  ^le-  oT-t'/fi/tctl  Tnatei'iaL  Ou-ouyJi, 
&J>.  Cf/tjZ  was  r>ujca7^tied,  o7t Tehi'uary  6.J908.  w7Len  U 

7ta£^  been-  7063  zri.  ar'ti/icOxZ'  cfiltzA-  fi^fi . 


121  .  SuBCUT. 


119.  SuBCUT 


r.7.0a.    1*6  DAVS, 


JBCUT. 

(Age  yyee7-s) 
SO  MILLIGRAMMES- 


Virus  H.  85."h.B. 


KILLED  :  |.».  5.  08.  133  DAYS. 


115.  SuBCUT. 

DOSE;  50  MILLIGRAMMES. 


Virus  H.53.  D.  H  (w) 


117.  Sub  CUT. 

dose:  IO  millk 


3O.ll.08.  307  DAVS 


Goats. 


7^jy^a,r»ag?„  O.B  one/  ,vZs 

7^  ieen-maclarsfroa^tmciMr,,.  '  •  • 
65.  SuBCUT. 


rrcaf^sTT^  T/,rmig7,  G.P.  aiui  y?as 

6ea^  7!Zf  g^y,,  i„  .^.n/t^  eOavation'. 

67.  SuBCuT. 

DOSE  :  10  MILLIGRAMMES. 


.  08-  3a  DAYS, 


Virus  H.  85.  H.B. 

TTlMeri^a.  tArousA  CF.  gSeS .  and  iras 
'"^ieeri. 244- days  vvar-tryir,iaZ,  cultivation, 
63.  SuBCUT. 


^^-^^^^^g^g^^Ig-i^jo^^  Group  n  Culture.^. 


(INCLUDED   FOR  CO  M  PAR,  SO  THE  ABOVE 


Pigs. 
Virus  H  .  93.  C.d!' 


Goats. 


Virus  iH.  79.  j.N.' 


jii  .  SuBCUT. 

dose:  50  MILLIGRA 


113  .  SuBCUT. 


DOSE  -.  loo  Mil 


•  9.  08.  253  DAYS. 


Virus  H.  IIS.'f^'  j 

yrlaterury.  f  /uirrutn.  ^pu/Mm)  77o-„,t„7,  %  V3» 
77.  SuBCUT. 

dose;  Z5  MILLIGRAMMES  ! 


3.0a.  lOG  DAVS. 


i-03.  ris  DAYS. 


51  CHART  38. 

Culture  Inoculations  in  Calves  of  the  Eleven  Easy-growing  Lupus  Viruses." 

[Set^  Appendix  to  Finixl  Rcixjrt,  V'ol.  XL,  page  29.] 


VIRUS  H.  102.  "N.H."  Lupus  of  the 
face  aiiil  arm  ;  duration  of  ilisease 
15  years.  The  culture  was  derived 
from  the  arm. 

Ag-e  of  patient  :  oo  years. 

References. — Final  Report:  Pao-es  K; 
to  19. 

Appendix  to  Final  Report,  Vol.  TI.  : 
Pages  55,  159,  and  345. 

VIRUS  H.  103.  "  N.S."  Lupus  of  thr 
Icij  [  f>//o/c/'n;/  fubcrfuliuts  ulccrafiou 
of  foot)  ,•  (hiratloii  of  disease  24  ijears. 
Culture  dei'ived  from  the  leg. 

Age  of  patient  :  28  years. 

References. —  Final  Report:  Pages  16 
to  19. 

Appendix  to  Final  Re])ort,  Vol.  11.  : 
Pages  5()  and  .")55. 

VIRUS  H.  106.  K.R."  Lupus  <f  the 
faee^i  ear.,  iiecL\  a)ul  arui,  :^  duration  id' 
disease,  a/jout  20  f/eeirs.  The  culture 
was  derived  from  the  elbow. 

Age  of  patient  :  27  years. 

References. —  Final  Report :  i\iges  KJ 
to  19. 

Appendix  tu  Final  Rej)ort,  \'ol,  11.  : 
Pages  59  and  391. 

VIRUS  H.  84.  -M.S."  Lupus  of  the 
ehee/,- ;  du,ratio)i  ef  disease  15  years. 

Age  of  patient :  GS  years. 

References. — Final  Re))ort  :  Pages  li; 
to  19. 

Appendix  to  Final  Report,  \^ol.  II.  : 
Pages  45,  KiO,  and  11')'). 

VIRUS  H.  101.  '-E.G."  Lupus  of  the 
eheeks^  uose.,  arm,  and  uyrist ;  duratiou 
<d  disease  36  years.  The  culture 
was  derived  from  tlie  elbow. 

Age  of  patient :  53  years. 

References. —  Final  Report:  Pages  IG 
to  19. 

A})pendix  to  Final  Uejwrt,  Vol.  II.  : 
Pages  54  and  339. 

VIRUS  H.  114.  "A.M."  Lupus  of  the 
nose  and,  nceic  ;  du,ration.  id'  disease 
15  years.  The  culture  was  derived 
from  the  neck. 

Age  of  patient  :  K;  years. 

References. —  1^'iual  Report  :  Pages  IG 
to  19. 

Appendix  to  Final  IJeport,  Vol.  II.  : 
pages  G8,  160,  and  473. 


VIRUS  H.  71.  "  L.V."  (a).  Lupus  of  the 
faee,  neel^,  heiek.,  arm.,  and  hand  ; 
iluration  of  disease  9  years.  The 
culture  was  derived  from  the  arm. 

Age  of  patient  :  14  years. 

References. — Final  Report:  Pages  1(> 
to  19. 

Ap})endix  to  Final  Report,  Vol.  II.  : 
Pages  44,  159,  and  245. 

Note. — Two  years  later  material  was 
again  obtained  by  o|)eration  from  the 
same  ].)atient.  A  culture  raised  from  it 
was  found  to  be  identical  in  cultural 
characters  and  virulence  with  the  (a) 
strain.  {See  H.  71.  "  L.V."  ([>)  m  Vol.  II., 
of  A])p(!iidix,  ]»age  44.) 

VIRUS  H.  112.  "B.B."  Lujnis  of  the 
arm  :  iluratiou  of  disease  7-8  i/ears. 

Age  of  patient  :  16  years. 

References. — Final  Report  :  Pages  16 
to  19. 

A])peiidix  to  Final  Report,  VeA.  II.  : 
Images  G7  and  169. 

VIRUS  H.  109.  "M.W."  Lupus  of  the 
ellioios  ;  duration,  of  disease  3  years. 
The  culture  was  dei-ived  from  the 
right  elbow. 

Age  of  patient :  5  years. 

References. — Final  Report  :  Pages  16 
to  19. 

Appendix  to  Final  Report,    \'ol.  11.  : 
Pages  63  and  443. 

VIRUS  H.  92.  "  D.N."  Lupus  of  the 
chee/r :  du.ration  of  disease  in  years. 

Age  of  patient  :  3f  years. 

References. — Final  Rejxn-t  :  Pages  16 
to  19. 

Appendix  to  Final  Report,  Vol.  11.  : 
Pao-es  50  and  303. 


VIRUS  H.  99.  "L.K."  Lupus  of  the 
u,pper  lip,  nose,  and  neek  ;  iluration, 
of  disease  not  knoirn.  The  culture 
-was  derived  from  the  nose. 

Age  of  patient  :  8  years. 

References. — Final  Report:  Pages  16 
to  19. 

A])pendix  to  Final  Report,  Vol.  II.  : 
P;-ges  52  and  313. 


I.nr.n  atiON  EXPERIMENTS  ON  CaLVES  WiltLmiU^LO^Vi^^^^g-^ 


P/ssAGE  Experiments  Q.and/3 


Tfi'S  sii  'oi^r-'  ^crs  ctcr-ivedt^  f}*orTt  the- 

ftj/jd''iV^^  i/fociilajte^oTi/AjiriL'  30.  WOG. 
wIvSTU     ?ia^j7)e^ru  /30  days  iro  cwtz/LciaX/ 


404.  SUBCUT. 


Culture 


J^er-wc/iC/  fi'orrv  t/u^  pTe&cttpaJar glfi^i^t' 
/X..  t.90S.  aJYer-  SS-t-  day.-!  aj-tMi^yZ. 


590.  SuBcuT 


'erivet/^ rrom  t7tf  spleen,  ofCaZTSSO: 
•oeuJMc<y  oii^Afjrit  29. 1308.  aftei- 

618.  SuBCUT. 


598.  SuBCUT. 


:  so  MILUIGRAMMCS. 


—   


OS.  91  DAYS. 


Culture 

ofCalfSOSi  ijioculofjacl  oToMayW.  1908. 

64-0.  kuBCUT 

dose:  so  milligrammes. 


406^_SjJBCUT. 

DOSE  :  10  f 


Cu  LTU  RE 

78.  /S08.  a/ier-  S68  Otzys  arei/r^ciaZ' 


596.  SuBcuT 

□  OSE:  SOMIL-LIGRAMM 


.5.08.90  DAYS. 


Culture 


i/UJCuLcctG/Z  07V  Jiut^  fO.  JSCS,  a/yter- 


638.  SuBcuT. 


□  OSt:  50  MILLIGR 


600  .  SuBCUT. 


dose:  50  M1I-L.I  gramm  es. 


Culture  ' 

of  Ca2/'  ffOO:  mjcuZac&ri  ojt  August  1-, 
1908.  a/Ye^  3Z  days  cu-fzfijiijjL 

64-8.SuBCUT. 


3:  n.7.fi&.  8*  DAYS. 


09.  93  DAYS 


Inoculation  Experi ments. 


or^-ffinaL  material/ tJwotig/h  cu  ffuu 
fin  A,  was  inxtcuIaJjeAl  on  Api-iZ,  JO 

iyiMin  alioro 


608.SuBCUT. 


606.  SuBcur. 


GRAMMES 


killed:  29.6  oa.  ao  days 


610.  SuBCUT. 


O8.  91  DAYS. 


CHART  39. 


Pigs  and  Goats  Inoculated  wih  Cultures  from  Three  Lupus  Viruses. 

Inoculation  experiments  on  Calves  with  these  viruses  are  charted  elsewhere  in 
the  series  :  Virus  H.  53.  "  D.H."  (a).  See  Chart  37  ;  Virus  H.  85.  "  H.B."  See 
Chart  8(;  ;  Virus  H.  92.  "  D.N."    See  Chart  88. 

References. — Final  Report  :  Pages  16  to  11). 

Ap|)endix  to  Final  Report,  Vol.  11.  :  Pigs  :  Pages  18,  119-120.  Goats  : 
Pages  19.  121-122  ;  .svv^  also  Summaries  on  pages  39  and  40,  47  and  51. 


Pig-s  and  G-oats  Inoculated  with  Group  II.  Cultures  (included  for  Comparison  with 

the  above)- 

Inoculation  experiments  on  calves  with  these  slightly  virulent  viruses  have  not 
been  charted  in  this  series.  They  were  shown  to  be  identical  in  virulence  with  the 
viruses  on  Chart  33. 

VIRUS  H.  93.  "  CD."    Geneml  mi/ian/  J aherculosis. 
Age  of  patient  :  ^\  years. 
Material  used  :  Culture  from  Luntj. 

VIRUS  H.  79.  "  J.N."    Pidmonan/  Tubereulosts. 
Age  of  patient  :  24  years. 
Material  used  :  Culture  from  Lienij. 

VIRUS  H.  118.  "F.C."    Pulmonnrii  Tnherenlnsis. 
Age  of  patient  :  50  years. 
Material  used  :  Culture  from  Sputum. 

References. — Final  Report  :  Pages  9  to  13. 

Appendix  to  Final  Report,  Vol.  I.  :  Pigs  :  Pages  44  and  240.  Goats  :  Page^ 
44  and  241  ;  see  also  Summaries  on  pages  123,  136,  and  144. 


27(>7(; 
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Inoculation  Experiments  on  Calves  wiTH_Cuj;Ij:iM 

Passage  Exf^ermvients  y  and  S. 


505 .  SuBcuT. 


Culture 


ffljMA  or  rccTr  504-; -inMm/ateA  c 
Aprfl  -3,  iilos.  a/Y^  .3Z9  iia,ys 


626 .  SuBCUT. 


died:  27.5.08 


Uer-h'ea^fl-oin'  rfte  lung  of  Calf  SOS: 
-uu>culaiejl'  orLFebT^Lutry'18. 1908. 
a/ia7-  Z85  days  aj-tiJicia!/  cuUlvaUorv. 


594.  SuBcuT. 


CjlLTURE 


J>ej^ive^  /^'OZT.  the  lujuf  of  Calf"  504-; 
irLocuZcti&d/ 0^0  J'(Lr^u/^^•y  Z9,  JS03. 
of  car-        daj's  aitiJlceaZ,  cuZUfaUon. 


578  .  SuBCUT. 


580.  SuBcuT. 


Rabbit  Passage  Experiment 


1330.  SUBCUT  AND  INTRAP. 


Jruic^zZAted  on.^ay  ^d,  7307.  wit/t7 
from  t/ip  oT'iffifiaZ'TnajtefCaf  .Stecbof 


Culture 

Der-tj^(u7.  rrom.  t^^  Xtuzphra^m-'  of 

7F)0S,  a/'tv  37(7jjys  artifC4:iaL 
cuiiivaiion 


I 


632.  Subcut. 


.wiOOSE;  so  MILLrGRAMMI 


;  27.5.08.  SI-  DAYS, 


Culture 


JDer^iveeZ'  /^o7^'  tf/e  Timgr  of'  Co//*  S04-; 
injocaZG(£e£0 Oil'  .Jtzrui/zry  Z9,  7908. 
after'  ^64  d-a>  -s  ca-tiAdaZ^  cultivacioTz.. 


578  .  SUBCUT. 


I 


580.  SuBcuT. 


28.4-08-  90  DAY'S. 


IED:27.Z.08.  29  DAYS. 


Rabbit  Passage  Experiment. 


1330. 


Culture 

Derived  ^onv  t/za  'iijvg  oF  CaJ^ 
6X8iinx>cujMiiid,  orvAvLffiust'  1308, 
after  33  days  a/^tfu:Cal/  c'dtivaiit 


646.  SuBCUT. 


SUBCUT  AND  INTRAP. 


y^^i/N^roTTzme  of  {u^Zlu7'&  derived' 

c?irordi>  cftin^aZy  ticbe^cuiosis  in. 
?eScUiys.  I 

Culture 

Xlervfeei  from,  tji/i  Difzphr^m.  of 
Zai/iit  7330;vix}CuZnUed7 on,May  11, 
loos,  after  S7<fj:iys  artifvcCaZi 
cu.U7.va/i0n  I 

63Z.  SuBCUT. 


JiED:  rs-  6  08.  311  D*^"^' 
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CHARTS  40  and  40a. 
Inoculation  Experiments  on  Calves  with  Culture  of  Virus  E.  II. 

[See  Appendix  to  Final  Report,  Vol.  IV.  :    "  luvestig-ation  of  Tubercle  Bacilli 
derived  from  Tuberculosis  occurring  naturally  in  the  Horse. 

Virus  E.  II.  was  obtained  on  December  19,  1905,  from  the  mesenteric  gland  of 
a  horse,  which  showed  on  post-mortem  examination  tuberculous  lesions  in  the 
mesenteric  glands  and  spleen. 

Explanation  of  Charts. — Chart  40  shows  diagranunatically  the  effect  on  (five) 
calves  (Nos.  404  and  406,  and  006,  6U8,  and  610) 'of  inoculation  of  the 
original  culture.  Also  it  shows  the  results  obtained  in  two,  (a)  and  (/3), 
of  the  four  passage  experiments  undertaken  to  determine  whether  the 
original  low  virulence  of  the  \  irus  for  the  calf  was  stable  or  ca])aljle  of 
being  raised  by  residence  in  the  bodies  of  successive  calves. 

Chart  41  shows  the  effect  on  other  (two)  calves  (Nos.  504  and  506)  of  inocula- 
tion of  the  original  culture,  as  also  the  results  obtained  with  the  additional 
passage  experiments  (y)  and  (S). 

Chart  40a  also  shows  that  the  virulence  of  the  virus  for  the  calf  (Calf  6o2) 
was  increased  by  residence  in  the  body  of  the  rabbit.  {See  "  Rabbit 
Passage  Experiment.") 

References. — Final  Report  :  Pages  21  to  24,  and  31. 

Appendix  to  Final  Report,  Yo].  IV.  :  Pages  7,  10,  12,  47  to  66,  and  105 
to  122. 


2767t> 


Inoculation  Experiments 

Passage  ExPERir;! 


^^nCalves  AND  RApr^r^|.|c  wm^CuLTURE  OF  Virus  E.JV; 


NT  OL 


Culture 

JDer'cyefZ  fhorn^  the  prescofiuZce/' 
^larhcL  or  Calf  408}  iitocfOated 
>Jifmi^'y^^  ^908,  after  S31  (la-j^ 


582.  SUBCUT. 


dose:  so  MILLIGRAM 


Culture 


I>fH;i'ed/ from  zfie  spZeervofCaZfSBZ; 
tJ7Mr.fileUed^  otvMo^ZS.  1908,  af&e^ 
Z8  days  ar'tz/x/ivaZ  crt/tcycuion,. 


636.  SuBCUT 

oose:50  milligrammes 


Mei-iA'&d,  from/tfte.  suprarenKzI body 
of  Cal/'58ft-}  trtocuZaee^oTLMay  Z9, 


642.  SuBCUT. 

OSE  ;  50  MILLIGRAM  MES, 


led:  31. S  OB.  98  DAYS 


KILLED  .  2  9.  08.  96  DAYS. 


Experiments  on  Baboons  and  Calves. 


J'/ie  strairf  was  fleriv&Z'  fi'om'ift^  ori^irutZi 
rrval'eTr^iI/  fJtr-ouffTv  f/rtineapiff,  a^tO/  yt'tcs 
iru}culnlJff7,  07f  jVoverrJ/er  27.  J90G.  iWten  it 
hiut^een^ .3Z0 d/rsi-s  ir/^  a7-ef/jM'al/  cuJ/JMiUiow . 


74.  Fed. 


72  .  SuBCUT. 


killed:  IZ-  2.  OB 


DIED     14..  q-.  . 


Culture 

J^cfii'eAfhom.  KC  7r/esefeteric  (/Icuui^ 
of  bezioort,  74-;  i^z^cuf/xt^A  on  ApH.VZ8, 


604.  SuBCUT. 

dose:  bo  MIUl-rGRAMME 


612 .  SuBCUT. 


killed;  za.: 


ILLGD;  28  7.  08.  91  DArS. 


Inoculation  Experiments 


T/t&  sfra/f?  T*-a-s  dcT-u^etZ  from  t7t£  ori^fJtaZ/ 
TTKr^riaZ'  throuff/v      efuzriA^cepu/ ,  a/t^Z  wus 
tru/ruZajteO/  oTvMcu-cfi^  77,  ■J$08.  ^vfL^7^U'?ia^ 
deerv  7S3  cUcy^  u^.  a/'Cift^cfa.f  ci/ltrMOjeio^o. 


616.  SuBCUT. 

dose:  so  r^llLLIGRAMMCS 


620.  SuBCUT. 

,D0SE;  50  MILUGRAMMES  . 
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CHART  40a. 


(See  Clmrt  40.) 


Inoculation, 


E)^RIMENTS  ON  CaLVES  yyiTjl^CULiy R E  OF  ViRUS  E.IV. 


Passage  Experiments  /3  an d 


T!ie  Slrcaiu  was  derifedi/hom  ate  original, 
ma.eerial/  t/a-ougll:  a,  guUuuiprg,  cuui  was 
iTumiOtU^on  JiuuiarMO  790/,  »7uiri,U 
7ux^  ieew390da)^i^<°'Y"^''''^-'i^a/uim. 


498 .  SuBcuT. 


DIED;  29.4.07. 


614. SubcuT 


502 .  SuecuT. 


DOSE  :  50  M1L.LI 


C  U  LT  U  R  E  . 

Meru'e^l  /}-om,  the  lu^i^  of  dtirSOZ: 
auicJi/ateO.  on/J\{ay7,  '/SOB.  (j/SSsy 
S73  dacys  ayii/'tciacZ'  culii.va/iorv' . 


630.  SuBCUT. 


C  U  LT  U  R  E  . 

^Jer-ffeO. /horn,  ffm  lu^iff  of  OOT 'MS, 
i'MXMUcre/Z  on./^ebrrjL^ir/^  S.  /S08 . 

^2-  Oays  a/ti/iaaZ.  auie/va/upro 


leo  :  7-  G  .03.  3r  DA 


586.  SuBCUT. 

DOSE;  so  MILLIGRAMMES. 


588.  SuBcuT. 


Culture. 


Hej-ived^  fy-otn  t/ie  rnecl/ajstfroaly 
Srr^mcCorCctZrsae;  iruiaaZateO, 
oii,May  /a.  1908.  a/ier-  68dc^s 
a^'ti/y^cf.ex/  cuZtiA'ax/.on/. 


634.  Subcut. 


KILLED  :  5  .5  .08.  90  DAYS. 


Culture. 

J^eHvetZ.  fhonv  t/t^pr&scapfUar' 

on.  May  rs,  /908.  a/'err-  2/3  days 
<o.t//ijiiaZ  culi/.uaiiort.'. 


644.  Subcut. 


Culture. 

Dej'U'efJ  /horn'  e/te.  supraj-e^iaZ  iocdfL 
of  Calf  30Z;  m/icf//MX/'fi  on  AprW  7% 
/^OS.oyfer  3'^3  da^-s  antz/lctal  cuitwm 

602.  Subcut. 


dose:  so  MILL 


CuLTU  RE 

Ca/f  ffOXy;€/./ocrcZaUed  on^ Augusts. /Si 
o/'teT'  todays  i:r/-tzTf'.cui/  cu/eT-va/ian.. 


650.  Subcut. 


CHARTS  41  and  41a. 


Inoculation  Experiments  on  Calves  and  Baboons  with  Culture  of  Virus  E.  IV. 

[Appendix  to  Final  Report,  Vol.  IV.  :   "  Investigation  of  Tubercle  Bacilli  derived 
from  Tuberculosis  occurring  naturally  in  the  Horse."] 

Virus  E.  IV.  was  obtained  on  December  19,  1905,  from  the  spleen  of  a  horse, 
which  showed  on  post-mortem  examination  no  sign  of  tuberculosis  elsewhere. 

Explanation  of  Charts. — Chart  41  shows  diagrammatical ly  (i)  the  etfect  on 
(four)  calves  (Nos.  408,  410,  616,  and  620)  and  (two)  baboons  (one  fed) 
of  the  inoculation  of  the  culture  derived  from  tlie  original  material  ;  (ii)  the 
results  obtained  in  one  («)  of  the  three  passage  experiments  undertaken  to 
determine  whether  the  virulence  of  the  virus  for  the  calf  was  stable  or 
capable  of  being  raised  by  residence  in  the  body  of  the  calf  ;  and  (iii)  the 
virulence  of  the  virus  for  the  calf  aftei"  residence  in  the  liody  of  the  baboon 
(Baboon  74). 

Chart  41a  shows  the  effect  on  other  (two)  calves  (Nos.  49<S  and  b()2)  of  the 
inoculation  of  the  culture  derived  from  the  original  material,  and  the 
results  obtained  in  two  additional  passage  experiments  (/3  and  y)  carried 
out  with  this  virus. 

References. — Final  Report :  Pages  21  to  24,  and  '61. 

Appendix  to  Final  Report,  Vol.  IV.  :  Pages  7,  10,  13,  7o  to  91,  and  123 
to  136. 


I 


I 


iMn.n.^rmNL  EXPERIMENTS  ON  CaLVESWOIL^^ 


i 


PASiSAGE  Experiments  13  and 


27a-  strains  wms  da-ival^fl-om  the-  oriffinaZ, 

i„^,mlMe^on  JirMiory  SO  1907,  ^'Jia^U 
TuzO,  been' 330 days  m  aHi/lcioJJcuMi'aUony. 


498.  SuBCUT. 


502  ■  SUBCUT 

dose;  50  milligramme 


C  U  LT  U  R  E  . 

_Det^ef^  /^'orz-o  the  7un^  of  SOZ; 
ziiocuZated  oruMay  7,  7S0S.  aner 
373  (la.ys  cu-gt/tcz/xZ'  cuUCvcUiori^ . 
 I  


630.  SuBCuT. 

D0se:50  MILLIGRAMMES. 


DIED  ;  7-  6  .08  .  3r  DA 


586.  SuBcuT. 


588.  SuBCUT. 


DOse: so 


Culture. 

ffTan^  of  irtocuZcUeA 
mf,Ma^  JS.  7908,  aJter*  68  cUzys 
c^eifccuzZ,  cuZfJMCLtion/. 

634-.  SuBCUT. 

dose:  50  M1LUIGRA.MMES. 


KILLED  :  S  .5  .06.  30  DAYS. 


Culture. 

ffZan^  ofCezirS88 ;  zn^iUcUe^ 
oriyMay  Z9,7908.  a/'eer2^  days 
arit/^esiaZ'  cuZti.v'cUiorv. 


Culture. 

of  Calf  50Z;  Cn/tcf/latfiti  on  April/  7^ 
790S .  aftef  34^3  davs  arti/ldal  culiiva 


60Z.  SuBCUT. 


KIULEO-.  6.7.06.  30  DAYS. 


Culture 


ce/'ter'  JOdezys  (rr-ttA'ciaZ  ca/(zvez£Con^i 


650.  SuBcuT. 


died:  r3.9.  08.  39  DAYS 
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CHART  41a. 


{See  Chart  41.) 


J 


57 

CHART  42. 

(i)  "  Inoculation  Experiments  on  Calves  with  Culture  of  Virus  E.  I." 

Virus  E.  I.  was  obuxined  on  December  19,  1905,  from  the  mesenteric  glands  of 
a  horse  which  showed  extensive  tuberculous  lesions  in  the  mesenteric  glands  and 
spleen,  and  miliary  tuberculosis  of  the  lungs.  The  virus  had  the  cultural  characters 
of  a  bovine  tubercle  bacillus.  . 

References. — Final  Report  :  Pages  21  to  21. 

Appendix  to  Final  Report,  Vol.  IV.  :  Pages  7,  10,  12,  and  H9  to  46. 


(ii)  "  Inoculation  Experiments  on  Calves  with  Culture  of  Virus  E.  III." 

Virus  E.  HI.  was  obtained  on  December  19,  1905,  from  the  enormously- 
enlarged  tuberculous  meseiateric  glands  of  a  horse.  The  virus  had  the  cultural 
characters  of  a  bovine  tubercle  bacillus. 

References. — Final  Report  :  Pages  21  to  24. 

Appendix  to  Final  Report,  Vol.  IV.  :  Pages  7,  10,  12,  and  67  to  72. 


iii.  Inoculation  Experiments  on  Pigs  with  Viruses  E.  I.,  E.  II.,  E.  III.,  and  E.  IV. 

The  two  viruses  E.  II.  and  E.  IV.  which  have,  like  E.  I.  and  E.  III.,  the 
cultural  characters  of  the  bovine  tul3ercle  bacillus,  but  which  have  been  shown  to 
possess  a  lower  degree  of  virulence  for  the  calf  than  the  typical  bovine  viruses 
E.  Land  E.  III.  {see  Charts  40  and  41),  are  here  shown  to  possess  also  a  lower 
degree  of  viruleLce  for  the  pig  (compare  the  length  of  life  of  pigs  184  to  190  with 
that  of  pigs  192  and  194). 


References. — Final  Report  :  Pages  21  to  24  and  31. 
Appendix  to  Final  Report,  Vol.  IV.  :  Pages  7,  12,  14,  19. 
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